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FOREWORD 


This  report  describes  an  extensive  store  separation  test 
program  conducted  at  supersonic  speeds  in  Tunnel  A  of  the 
von  Kdrmdn  Gas  Dynamics  Facility  at  Arnold  Engineering 
Development  Center.  The  Mach  number  range  covered  was  1.5  to 
2.5.  The  purpose  of  the  program  was  to  provide  a  systematic  set 
of  data  which  could  be  used  to  evaluate  and  improve  analytical 
techniques  for  predicting  supersonic  store  separation  tra¬ 
jectories.  Parent  aircraft  configurations  tested  ranged  from  a 
simple  circular  body,  mid-wing  configuration  without  pylons  and 
racks  to  a  noncircular  fuselage  with  wing,  flow  through  engine 
inlets,  and  pylons  and  racks.  The  parent  configuration  was  built 
up  component  by  component  so  model  component  effects  could  be 
isolated.  Flow-field  survey,  store  pressure-distribution,  store 
force-and-moment  and  store  trajectory  data  were  obtained.  The 
stores  tested  were  circular  and  elliptical  in  cross  section  with 
various  fin  arrangements. 

The  data  obtained  during  five  wind-tunnel  entries  are  summa¬ 
rized  ir.  this  report.  The  data  have  been  collected  on  magnetic 
tapes  and  FORTRAN  computer  programs  have  been  written  which 
retrieve  the  data  from  the  tapes.  This  report  also  describes  the 
use  of  these  programs  and  tapes  and  describes  the  tabulated  out¬ 
put  from  the  programs.  The  magnetic  tapes  and  computer  programs 
are  available  upon  request  from  Mr.  Calvin  L.  Dyer,  AFFDL/FGC , 
Wright-Patterson  AFB,  Ohio,  45433. 

The  work  was  carried  out  by  Nielsen  Engineering  &  Research, 
Inc.,  510  Clyde  Avenue,  Mountain  View,  California,  54043,  under 
Contract  No.  F33615-76-C-3077.  The  contract  was  initiated  under 
Project  2403,  Task  240305,  of  the  Air  Force  Flight  Dynamics 
Laboratory.  The  Air  Force  Project  Engineer  on  the  contract  was 
Calvin  L.  Dyer,  AFFDL/FGC.  The  report  number  assigned  by  Nielsen 
Engineering  &  Research,  Inc.  is  NEAR  TR  205. 


iii 


TABLE  OF  CONTENTS 


Page 

Section  No. 

LIST  OF  FIGURES  vii 

LIST  OF  TABLES  ix 

LIST  OF  SYMBOLS  xii 

MODEL  COMPONENT  NOMENCLATURE  xv 

1 .  INTRODUCTION  1 

2.  PURPOSE  AND  SCOPE  OF  THE  TEST  PROGRAM  2 

3.  TEST  APPARATUS  3 

3.1  Wind  Tunnel  3 

3.2  Model  Support  Systems  4 

3.3  Parent  Aircraft  Model  Components  6 

4.  TEST  CONDITIONS  9 

4.1  Entry  V41A-B4A  9 

4.2  Entry  V41A-L5A  10 

4.3  Entry  V41A-M9A  11 

4.4  Entry  V41A-T9A  11 

4.5  Entry  V41A-V6A  12 

5.  FLOW-FIELD  SURVEY  TESTS  12 

5.1  Summary  of  Tests  13 

5.2  Data  Uncertainties  ■  14 

5.3  Flow-Field  Test  Data  Retrieval  16 

5.3.1  Use  of  the  computer  program  16 

5.3.2  Description  of  tabulated  data  17 

6.  PRESSURE  DISTRIBUTION  TESTS  22 

6.1  Summary  of  Tests  24 

6.1.1  Ogive-cylinder  store  24 

6.1.2  Elliptic  store  25 

6.2  Data  Uncertainties  26 

6.3  Pressure  Test  Data  Retrieval  27 

6.3.1  Use  of  the  computer  programs  27 

6.3.2  Description  of  tabulated  data  28 

6. 3. 2.1  Ogive-cylinder  store  28 

6. 3. 2. 2  Elliptic  store  31 


v 


Page 

No. 


Section 

7.  FORCE  AND  MOMENT  TESTS 

7.1  Summary  of  Tests 

7.2  Balance  and  Associated  Data  Uncertainties 

7.3  Force  and  Moment  Test  Data  Retrieval 

7.3.1  Use  of  the  computer  program 

7.3.2  Description  of  tabulated  data 

8 .  TRAJECTORY  TESTS 

8.1  Summary  of  Tests 

8.2  Data  Uncertainties 

8.3  Trajectory  Test  Data  Retrieval 

8.3.1  Use  of  the  computer  program 

8.3.2  Description  of  tabulated  data 

FIGURES  1  THROUGH  24 
TABLES  I  THROUGH  LXVIII 

APPENDIX  A:  FLOW-FIELD  CALIBRATION  DATA 

APPENDIX  B:  DATA  REDUCTION  EQUATIONS 

APPENDIX  C:  FLOW-FIELD  DATA  RETRIEVAL  PROGRAM 

APPENDIX  D:  PRESSURE  DISTRIBUTION  DATA  RETRIEVAL 
PROGRAMS 

APPENDIX  E:  FORCE  AND  MOMENT  DATA  RETRIEVAL  PROGRAM 
APPENDIX  F:  TRAJECTORY  DATA  RETRIEVAL  PROGRAM 
REFERENCES 


36 

38 

39 
45 

45 

46 

49 

51 

52 

53 

53 

53 

58 

88 

179 

195 

215 

227 

255 

269 

280 


i 


-  ■  •  :  -  ■•  '-V.-SwSCsi-* *  ••tf^AaS 


-^a 


LIST  OF  FIGURES 


Figure 

1.  Artist’s  conception  of  the  VKF/CTS  installed  in 
Tunnel  A 

2.  Configuration  N^B2W 

3.  Short  fuselage, 

4.  Noncircular  nose,  N^ 

5.  Noncircular  fuselage  adapter,  A3 

6.  Duct  assembly  for  Mm  =  1.5,  A^ 

7.  Duct  assembly  for  =  2.0,  A5 

8.  Location  of  duct  plugs 

9.  Ogive-cylinder  force  and  moment  store  in  the 
carriage  position  at  the  fuselage  centerline,  1/3 
semispan,  and  2/3  semispan  pylon  stations 

10.  Double-wedge  pylon,  P2 

11.  Swept  pylon,  P3 

12.  Triple  ejection  rack,  T 

13.  Dummy  ogive-cylinder  store,  SD0C,  SDoc2,  or  SD0C3 

14.  Details  and  dimensions  of  fairing,  F 

15.  Fairing  location  on  parent  aircraft 

16.  Flow  field  rake 

17.  Orientation  of  rake  and  location  of  pressure  taps 

on  the  40°  total  angle  conical  probe  as  seen  from  the 
aft  end  of  the  parent  configuration 

18.  Wing-body  (parent  aircraft)  axis  system  showing 
positive  directions  of  axes  and  velocities 

19.  Ogive-cylinder  pressure  distribution  model,  Sp 

20.  Elliptic  pressure  distribution  models 


Page 

No. 


Page 


Figure 

No. 

21. 

Axis  system  for  store  showing  positive  sense  of 
axes,  forces  and  moments 

82 

22. 

Ogive-cylinder  force  and  moment  stores 

83 

23. 

Elliptic  force  and  moment  model,  SE 

86 

24. 

Simulated  ejector  force  curves 

87 

1 


viii 


.1  •.  _J 


I  -J  .iiPJWiJIWI 


LIST  OF  TABLES 

Page 

Table  No. 

I  Summary  of  Flow  Field  Survey  Data  88 


II 

Flow 

Field 

Survey 

Data 

- 

NiBi 

89 

III 

Flow 

Field 

Survey 

Data 

- 

N1B2M 

90 

IV 

Flow 

Field 

Survey 

Data 

- 

N1B2W(P2>c 

93 

V 

Flow 

Field 

Survey 

Data 

- 

NlB2M(P2>l/3 

95 

VI 

Flow 

Field 

Survey 

Data 

- 

NlB2W(P3>l/3 

96 

VII 

Flow 

Field 

Survey 

Data 

- 

NlB2M(P2,2/3 

97 

VIII 

Flow 

Field 

Survey 

Data 

- 

N1B2W<P2>1/3SDCC 

98 

IX 

Flow 

Field 

Survey 

Data 

- 

N1B2W(P2>1/3T 

98 

X 

Flow 

Field 

Survey 

Data 

- 

NlB2W(P2>l/3TSDOC2  SD0C3 

98 

XI 

Flow 

Field 

Survey 

Data 

- 

N3B1A3 

99 

XII 

Flow 

Field 

Survey 

Data 

- 

n3b2wa3 

100 

XIII 

Flow 

Field 

Survey 

Data 

- 

N3B2WA3 (P2>C 

103 

XIV 

Flow 

Field 

Survey 

Data 

- 

N3B2WA3(P3>l/3 

103 

XV 

Flow 

Field 

Survey 

Data 

- 

NjBjWAjF 

104 

XVI 

Flow 

Field 

Survey 

Data 

- 

n3b2wa4 

106 

XVII 

Flow 

Field 

Survey 

Data 

- 

N3B2WA4 IP2>c 

109 

XVIII 

Flow 

Field 

Survey 

Data 

- 

N3B2WA4(P3>l/3 

109 

XIX 

Flow 

Field 

Survey 

Data 

- 

n3b2wa4f 

110 

XX 

Flow 

Field 

Survey 

Data 

- 

n3b2wa5 

111 

XXI 

Flow 

Field 

Survey 

Data 

- 

N3B2MVP2>c 

113 

XXII 

Flow 

Field 

Survey 

Data 

- 

N3B2WA5<P3»l/3 

113 

XXIII 

Flow 

Field 

Survey 

Data 

- 

n3b2na5f 

114 

XXIV 

Summary  of 

Pressure  Distribution  Data  on  Store  Sp 

115 

ix 


Page 


Table 

No. 

XXV 

SP 

Pressure 

Distribution 

Data  - 

Store  Alone 

116 

XXVI 

SP 

Pressure 

Distribution 

Data  - 

n1b2w 

117 

XXVII 

SP 

Pressure 

Distribution 

Data  - 

n1b2w<p2>c 

120 

XXVIII 

SP 

Pressure 

Distribution 

Data  - 

HlB2M(p2>l/3 

121 

XXIX 

SP 

Pressure 

Distribution 

Data  - 

NlB2W(P3>l/3 

122 

XXX 

SP 

Pressure 

Distribution 

Data  - 

N1B2W(P2) 2/3 

123 

XXXI 

SP 

Pressure 

Distribution 

Data  - 

N1B2W(P2)1/3T 

123 

XXXII 

SP 

Pressure 

Distribution 

Data  - 

n1b2w(p 

2)1/3T  SD0C2S 

DOC  3 

124 

XXXIII 

SP 

Pressure 

Distribution 

Data  - 

N3B2WA3 

124 

XXXIV 

SP 

Pressure 

Distribution 

Data  - 

n3B2KA4 

125 

XXXV 

SP 

Pressure 

Distribution 

Data  - 

N3B2MA4 ,P3> 1/3 

125 

XXXVI 

SP 

Pressure 

Distribution.  Data  - 

n3b2wa5 

126 

XXXVII 

SP 

Pressure 

Distribution 

Data  - 

WVP3>l/3 

126 

XXXVIII 

Summary  of  Pressure  Distribution  Data  on 

Store  S 

EP 

127 

XXXIX 

SEP 

Pressure 

Distribution 

Data 

-  Store  Alone 

128 

XL 

SEP 

Pressure 

Distribution 

Data 

-  n1b2w(p2)c 

129 

XLI 

SEP 

Pressure 

Distribution 

Data 

NlB2W(P2)l/3 

130 

XLII 

SEP 

Pressure 

Distribution 

Data 

N3B2WA3 

131 

XLI  1 1 

SEP 

Pressure 

:  Distribution 

Data 

-  n3b2wa3(p2)c 

132 

XL  IV 

SEP 

Pressure 

Distribution 

Data 

-  n3b2wa3f 

133 

XLV 

SEP 

Pressure 

Distribution 

Data 

'  N3B2WA4 

134 

XLVI 

SEP 

Pressure 

■  Distribution 

Data 

-  n3b2wa4(p2)c 

135 

XLV  1 1 

SEP 

Pressure 

Distribution 

Data 

-  n3b2wa4f 

136 

XLVI I I 

Summary  of  Force  and  Moment  Tests 

137 

XLIX 


Isolated  Store  Force  and  Moment  Data 


138 


- 


Page 


Table 

No. 

L 

S___,  Force  and  Moment  Data 
LFN 

142 

LI 

SLFF  Force  an<^  Moment  Data 

145 

LII 

SCOC  Force  and  Moment  Data 

147 

LIII 

SpQc  Force  and  Moment  Data 

163 

LIV 

STOC  Force  and  Moment  Data 

164 

LV 

SE  Force  and  Moment  Data 

165 

LVI 

Table  of  CTS  Zero  Points  for 
Tests 

Force  and  Moment 

167 

LVII 

Values  of  AZp  Used  in  Various  Sweeps 

168 

LVI  1 1 

Values  of  a„  Used  in  Various 
s 

Sweeps 

169 

LIX 

Values  of  6S  Used  in  Various 

Sweeps 

170 

LX 

Values  of  ZT  Used  in  Free-Stream  Sweeps 

171 

LX  I 

Summary  of  Trajectory  Tests 

171 

LXII 

SLFN  Trajectory  Data 

172 

LXIII 

SCOC  Trajectory  Data 

173 

LXIV 

SpQc  Trajectory  Data 

174 

LXV 

STOC  Trajectory  Data 

174 

LXVI 

SE  Trajectory  Data 

175 

LXVII 

Table  of  CTS  Zero  Points  for 

Trajectory  Tests 

176 

LXVI I I 

Trajectory  Codes 

177 

xi 


1  LIST  OF  SYMBOLS 


i 


f  ' 
\  . 


'm 


'N 


F 

F.S. 


Ixx'Iyy'Izz 


*yz '  "^xz  '  *xy 


m 

M 

Cl 

P 


axial-force  coefficient,  positive  in  the  nega¬ 
tive  X-direction  (see  Fig.  21) ,  axial  force/ 

axial-force  coefficient  uncorrected  for  base 
pressure 

rolling-moment  coefficient,  positive  right  wing 
down  as  seen  by  pilot  (see  Fig.  21) ,  rolling 
moment/q^Sd 

pitching-moment  coefficient,  positive  nose  up  as 
seen  by  pilot  and  referenced  to  store  moment  center 
(see  Fig.  21) ,  pitching  moment/q^Sd 

yawing-moment  coefficient,  positive  nose  right 
as  seen  by  pilot  and  referenced  to  store  moment 
center  (see  Fig.  21) ,  yawing  moment/q^Sd 

normal-force  coefficient,  positive  in  the  negative 
Z-direction  (see  Fig.  21) ,  normal  force/q^S 

side-force  coefficient,  positive  in  the  positive 
Y-direction  (see  Fig.  21) ,  side  force/q^S 

store  reference  length;  d  =  0.75  in.  for  ogive- 
cylinder  stores,  d  =  1.061  in.  for  elliptical 
stores 

ejector  force,  lbs 
fuselage  station,  in. 

moments  of  inertia  about  X,  Y,  Z  axes  of  Figure 
21;  taken  about  store  moment  center,  slug-ft2 

products  of  inertia  about  X,  Y,  Z  axes  of  Figure 
21;  taken  about  store  moment  center,  slug-ft2 

duct  plug  position  (see  Fig.  8),  in. 

store  mass,  slugs 

local  Mach  number  in  flow  field 

free-stream  Mach  number 

pressure,  psia 


xix 


Po 

p' 

*o 

Poo 

p 

<3» 

Re/ft 

S 


t 


T 


o 


u,v,w 


Vduct 

V 

00 

X,  Y,  Z 


XL 


1 


VVZP 


AXp, AYp , AZp 


xt,yt,zt 

a 


tunnel  stagnation  pressure,  psia 
cone  probe  pitot  pressure,  psia 
free-stream  static  pressure,  psia 
average  cone  surface  static  pressure,  psia 
free-stream  dynamic  pressure,  psia 
Reynolds  number  per  foot,  ft”* 

store  reference  area;  S  =  0.4418  in.  for  ogive- 
cylinder  stores,  S  =  0.884  in.2  for  elliptical 
stores 

time,  sec 

tunnel  stagnation  temperature,  °R  or  °F 

components  of  local  velocity  vector,  positive 
directions  as  shown  in  Figure  18,  ft/sec 

velocity  in  duct,  ft/sec 

free-stream  velocity,  ft/sec 

Cartesian  coordinate  system  fixed  at  store  moment 
center  (see  Fig.  21) 

full  scale  ejector  foot  location  measured  relative 
to  store  moment  center,  positive  forward  of  this 
point,  ft 

Cartesian  coordinate  system  fixed  at  parent  air¬ 
craft  nose  (see  Fig.  18) 

location  of  store  in  parent  aircraft  coordinate 
system  relative  to  carriage  position 

wind-tunnel  coordinate  system 

angle  of  attack,  deg 


a 

a 

a 

8 


c 

P 

s 

s 


s 


total  angle  of  attack  of  store,  deg 

angle  of  attack  of  parent  aircraft,  deg 
angle  of  attack  of  store,  deg 

store  yaw  angle,  positive  nose  to  the  right,  deg 


xiii 


MODEL  COMPONENT  NOMENCLATURE 


SDOC 
SDOC2 
SDOC3  , 
SE 

SEP1 

SEP2 

SLFF 


SLFN 

SP 

SPOC 

STOC 


T 

W 


noncircular  fuselage  adapter  (Fig.  5) 
fuselage  duct  assembly  for  =  1.5  (Fig.  6) 
fuselage  duct  assembly  for  Ma  =  2.0  (Fig.  7) 
short  fuselage  without  wing  (Fig.  3) 
long  fuselage  with  wing  (Fig.  2) 
fairing  (Fig.  14) 

circular  cross-section  nose  (Fig.  2) 
noncircular  cross-section  nose  (Fig.  4) 
double-wedge  pylon  (Fig.  10) 
swept  pylon  (Fig.  11) 

ogive-cylinder  store  with  swept  cruciform  fins 
(Fig.  22(c)] 

dummy  ogive-cylinder  store  (Fig.  13) 

elliptic  force  and  moment  store  (Fig.  23) 

elliptic  pressure  model  no.  1  [Fig.  20(a)] 

elliptic  pressure  model  no.  2  [Fig.  20(b)] 

ogive-cylinder  store  with  rectangular  fins 
[Fig.  22(b)] 

ogive-cylinder  store  without  fins  [Fig.  22(a)] 

ogive-cylinder  pressure  model  (Fig.  19) 

ogive-cylinder  store  with  swept  planar  fins 
[Fig.  22(d)] 

ogive-cylinder  store  with  swept  triform  fins 
[Fig.  22(e)] 

triple  ejection  rack  (Fig.  12) 
wing  (Fig.  2) 


xv 


1 .  INTRODUCTION 


This  report  and  the  related  magnetic  tapes  and  data  retrieval 
computer  programs  present  data  obtained  during  an  extensive 
external  store  test  program.  The  purpose  of  the  program  was  to 
provide  systematic  data  at  supersonic  speeds  for  use  in  evaluating 
and  improving  analytical  techniques  for  predicting  store  separation 
trajectories.  The  program  was  conducted  under  Air  Force  Contracts 
F33615-75-C-3053  and  F33615-76-C-3077 .  Five  wind-tunnel  entries 
were  made  during  the  period  from  June  1975  through  February  1978. 

The  test  program  was  conducted  in  Tunnel  A  of  the  von  Kdrmdn 
Gas  Dynamics  Facility  (VKF)  at  Arnold  Engineering  Development 
Center  (AEDC)  at  nominal  Mach  numbers  of  1.5,  1.6,  2.0,  and  2.5 
with  most  testing  done  at  1.5  and  2.0.  Four  types  of  data  were 
obtained;  flow-field  survey  data,  store  pressure-distribution 
data,  store  force-and-moment  data,  and  store  separation  trajec¬ 
tories.  Numerous  parent  aircraft  configurations  were  used.  They 
varied  from  a  simple  circular  fuselage  with  or  without  a  wing 
to  a  complex  noncircular  fuselage  with  engine  inlets  and  pylons. 

The  parent  aircraft  configurations  were  built  up  component  by 
component  in  order  to  isolate  interference  effects. 

A  large  amount  of  data  was  taken  during  the  five  wind-tunnel 
entries.  To  facilitate  the  distribution  and  use  of  these  data, 
they  have  been  recorded  on  magnetic  tape  and  a  series  of  FORTRAN 
programs  have  been  written  for  use  in  retrieving  the  desired 
data. 


The  remainder  of  this  report  will  expand  further  on  the  pur¬ 
pose  and  scope  of  the  test  program,  describe  the  test  apparatus, 
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and  present  the  test  conditions.  This  will  be  followed  by  a 
series  of  sections,  each  one  devoted  to  describing  a  specific 
type  of  data.  Information  is  presented  which  will  allow  the  user 
to  determine  the  AEDC  "entry"  number  and  "group"  number  for  the 
data  he  is  interested  in.  These  numbers  are  used  in  conjunction 
with  the  magnetic  tapes  and  computer  programs  to  retrieve  the 
data.  Instructions  for  doing  this  are  presented  and  the  computer 
output  is  described. 

2.  PURPOSE  AND  SCOPE  OF  THE  TEST  PROGRAM 


The  purpose  of  the  test  program  was  to  provide  a  systematic 
set  of  data  which  could  be  used  in  evaluating  and  improving 
analytical  techniques  and  associated  computer  programs  for  pre¬ 
dicting  store  separation  trajectories  for  supersonic  flight 
conditions.  The  prediction  of  a  trajectory  requires  that  the 
aerodynamic  forces  and  moments  acting  on  the  store  be  predicted 
as  it  traverses  the  interference  flow  field  produced  by  the 
parent  aircraft.  The  calculation  of  the  forces  and  moments 
requires  knowledge  of  the  flow  field  in  which  the  store  is 
immersed.  For  this  reason  all  four  types  of  data,  trajectory, 
force  and  moment,  pressure  distribution,  and  flow  field,  were 
obtained. 

The  scope  of  the  program  was  to  obtain  these  four  types  of 
data  for  a  range  of  supersonic  flight  conditions  and  parent  aircraft 
configurations.  The  parent  aircraft  configurations  ranged  from  a 
circular  cross-section  fuselage  with  or  without  a  wing  to  a  complex 
configuration  with  a  noncircular  fuselage  cross  section,  engine 
inlets,  and  pylons.  The  complex  configuration  was  built  up  com¬ 
ponent  by  component  so  that  the  effects  of  each  added  component 
could  be  determined.  For  example,  the  circular  fuselage  with  wing 
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configuration  was  tested  with  and  without  a  wing  pylon.  Differences 
in  the  data  show  the  effect  of  the  wing  pylon  on  the  flow  field, 
store  pressure  distribution,  and  store  forces  and  moments. 

The  test  program  was  accompished  in  five  entries  into  Tunnel 
A  of  VKF  at  AEDC.  The  first  entry  was  in  June  1975  and  the  last 
entry  was  completed  in  February  1978.  The  following  table  lists 
by  entry  the  AEDC  project  number  and  the  reference  number,  in  the 
list  of  references  at  the  end  of  this  report,  of  the  AEDC  report 
describing  the  testing  done  during  the  entry. 


Entry  No, 


AEDC  Project  No, 


Reference 


1 

2 

3 

4 

5 


V4 1A-B4A 
V41A-L5A 
V41A-M9A 
V41A-T9A 
V41A-V6A 


1 

2 

3 

4 

5 


In  the  following  sections  of  this  report,  the  data  obtained  during 
the  five  entries  will  be  identified  using  the  three  characters 
following  the  dash  in  the  above  list  of  AEDC  project  numbers;  e.g., 
B4A,  L5A,  etc. 

3 .  TEST  APPARATUS 

3.1  Wind  Tunnel 

Tunnel  A  is  a  continuous,  closed-circuit,  variable  density 
wind  tunnel  with  an  automatically  driven  flexible-plate-type 
nozzle  and  a  40-  by  40-in.  test  section.  The  tunnel  can  be 


operated  at  Mach  numbers  from  1.5  to  6.0  at  maximum  stagnation 
pressures  from  29  to  200  psia,  respectively,  and  stagnation 
temperatures  up  to  750°R  (Ma  =  6).  Minimum  operating  pressures 
range  from  about  one-tenth  to  one-twentieth  of  the  maximum  at 
each  Mach  number.  The  tunnel  is  equipped  with  a  model  injection 
system  which  allows  removal  of  the  model  from  the  test  section 
while  the  tunnel  remains  in  operation.  A  description  of  the 
tunnel  and  air-flow  calibration  information  may  be  found  in 
Reference  6. 

3.2  Model  Support  Systems 

Two  separate  and  independent  support  systems  were  used  to 
support  the  models  during  the  test.  The  parent  model  was  inverted 
in  the  test  section  and  supported  by  an  offset  sting  and  strut 
assembly,  attached  to  the  main  model  support  system  (see  Fig.  1). 
The  flow-field  probe  and  store  models  were  supported  on  the  VKF 
Captive  Trajectory  System  (CTS) .  The  standard  CTS  Grid  Program 
was  used  for  data  acquisition  and  model  attitude  positioning. 

The  VKF-CTS  is  a  six-degree-of-f reedom  model  support  system 
with  electromechanical  drive  units.  The  axial  and  vertical  move¬ 
ments  are  obtained  with  linear  drive  units  while  lateral  movement 
is  obtained  by  rotating  the  roll-pitch-yaw  support  arm  about  the 
vertical  support  axis  of  the  CTS  and  compensating  for  the  resulting 
yaw  angle  with  counter  rotation  of  the  forward  yaw  mechanism. 

Pitch  motions  are  obtained  through  a  forward  knuckle  joint  which 
is  oriented  90°  from  the  forward  yaw  knuckle  joint.  The  most  for¬ 
ward  component  of  the  CTS  is  the  roll  mechanism  capable  of  rolling 
+180°.  A  more  complete  description  is  presented  in  Section  2  of 
Reference  7.  The  translational  and  rotational  envelopes  and  rates 
of  travel  of  the  CTS  in  Tunnel  A  are  given  as  follows: 


CTS  MOTION  CAPABILITIES  IN  TUNNEL  A 


Motion 


Travel  Limi ts*  Max  Rate  of  Travel* 


Axial,  x 
Vertical,  z 
Lateral,  y 
Pitch,  a 
Yaw,  \p 
Roll,  <p 


40  in. 
+15  in.** 
+15  in.** 
+14.8  deg 
+30  deg 
+180  deg' 


1  in. /sec 

1  in. /sec 

2  in. /sec 
10  deg/sec 
10  deg/sec 
20  deg/sec 


*A11  travel  limits  are  set  up  as  a  function  of  model  size  and 
sting  geometry. 

♦♦Measured  from  tunnel  centerline. 

+Rates  are  continuously  variable  up  to  the  rates  shown  in  the 
table. 


The  CTS  six  degrees  of  freedom  are  sensed  by  potentiometers 
and  read  by  a  multiplexed  analog-to-digi tal  converter.  The  un¬ 
certainties  in  these  measurements  are  summarized  below.  These 
estimates  were  made  based  on  the  uncertainties  quoted  for  each 
degree  of  freedom  and  the  equations  of  motion;  i.e.,  an  uncer¬ 
tainty  in  pitch  causes  an  additional  uncertainty  in  z. 


CTS  ATTITUDE  AND  POSITION 

UNCERTAINTIES 

Drive  System 

Model  Attitude  and 

Motion 

Uncertainty 

Position  Uncertainty 

X 

+0.005  in. 

+0.050  in. 

y* 

+0.080  in. 

z 

+0.005  in. 

+0.060  in. 

a 

+0.05  deg 

+0.10  deg 

+0.05  deg 

+0.10  deg 

<t> 

+0.10  deg 

+0.10  deg 

n* 

+0.03  deg 

*The  yaw  angles  and  n  are  used  to  obtain  both  yaw  angle  and 
lateral  displacement,  y. 


3.3  Parent  Aircraft  Model  Components 

The  basic  wing-fuselage  combination  N-j^W  used  in  the  test 
program  is  shown  in  Figure  2.  It  consists  of  nose  N^,  body  B2, 
and  wing  W.  The  wing  has  an  uncambered  NACA  65A006  airfoil  sec¬ 
tion.  Nose  N^  was  combined  with  body  shown  in  Figure  3  to  form 
a  circular  body-alone  configuration,  N^B^.  A  noncircular  body- 
alone  configuration  N^B^A^  was  tested.  This  was  made  up  of 
nose  shown  in  Figure  4  with  the  noncircular  fuselage  adapter 
A3  shown  in  Figure  5  attached  to  body  B^. 

Three  noncircular  wing-fuselage  combinations  were  tested. 

These  are  designated  N3B2WA3,  N3B2WA4,  and  N3B2WA,-.  Model  com¬ 
ponents  A^  and  Ag  are  duct  assemblies  and  are  shown  in  Figures  6 
and  7.  The  A^  and  A,.  ducts  differed  only  in  the  shape  of  the 
inlets.  A^  was  designed  for  a  Mach  number,  M^,  of  1.5  and  A^  was 
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designed  for  Mb  *  2.0.  Moveable  plugs,  as  shown  in  Figure  7, 
were  placed  at  the  aft  ends  of  the  ducts  for  both  A4  and  A^.  By 
varying  their  location,  the  velocity  in  the  ducts  could  be  varied 
An  enlargement  of  the  duct  plug  region  is  shown  in  Figure  8.  The 
distance  t p  is  defined  as  the  duct  plug  position  and  during  the 
testing  values  of  t p  =  0.81,  1.63,  and  3.25  were  used.  Some 
testing  was  done  with  the  plugs  removed. 

The  inlet  velocity  was  determined  from  pressure  measurements 
made  in  the  ducts.  Pressure  orifices  were  installed  at  fuselage 
station  (FS)  24.68  as  shown  in  the  following  sketch.  Two  total 


pressures  and  three  static  pressures  were  measured  in  each  duct. 
The  static  pressures  and  the  total  pressures  in  each  duct  were 
averaged  and  the  following  expression  used  to  calculate  the  ratio 
of  duct  velocity  to  free-stream  velocity.  This  assumes  the  total 
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temperature  in  the 

ducts  to 

be  equal  to  the 

tunnel  total  tempera- 

ture.  The  nominal 

velocity 

ratios  obtained 

as  a  function  of  plug 

position  for  the  two  Mach  numbers  are  listed 

in  the  following 

table. 

INLET  VELOCITY  RATIO 

1e 

Mro  =  1.5 

M„  =  2.0 

0.81 

0.40 

0.41 

1.63 

0.81 

0.94 

3.25 

0.81 

0.94 

Off 

0.81 

— 

The  parent  aircraft  model  had  provisions  for  mounting  pylons 
on  the  fuselage  centerline  and  left  wing  1/3  semispan  or  2/3  semi¬ 
span  positions.  Figure  9  shows  these  positions.  The  centerline 
of  the  wing  pylons  is  located  on  the  40  percent  chord.  The  center- 
line  of  the  fuselage  pylon  is  located  at  fuselage  station  (FS) 
19.42. 

Two  different  pylon  configurations  were  tested.  The  double¬ 
wedge  pylon  (P2)  shown  in  Figure  10  was  tested  at  the  three  pylon 
positions.  The  model  component  designations  are  (Pg^,  ^2^1/3' 
and  (**2)2/3*  These  pylons  are  located  as  shown  in  Figure  9.  The 
swept  pylon  (Pg)  was  tested  only  at  the  1/3  semispan  position, 
(Pjjjyg.  This  pylon  is  shown  in  Figure  11. 

Some  tests  were  conducted  with  the  triple  ejector  rack,  T, 
shown  in  Figure  12  attached  to  ^2)1/3*  When  attached,  the  rack 
centerline  shown  in  Figure  12  is  aligned  with  the  pylon  center- 
line  shown  in  Figure  10. 
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Dummy  ogive-cylinder  stores  were  used  in  conjunction  with 
pylon  (*2*1/3  and  rack  T*  The  store  is  shown  in  Figure  13.  When 
attached  to  (*2*1/3'  fc^e  store  midpoint  is  aligned  with  the  pylon 
centerline  shown  in  Figure  10.  When  used  with  the  rack  T,  the 
stores,  SD0C2  and  SD0C3,  were  attached  at  the  two  shoulder  loca¬ 
tions  with  the  midpoints  aligned  with  the  rack  centerline  shown 
in  Figure  12. 

The  last  model  component  used  was  a  wedge-shaped  fairing,  F. 
Provisions  were  made  for  mounting  this  fairing  on  the  bottom  of 
model  components  A3,  A4,  or  Ag.  Figures  14  and  15  show  the 
details  and  dimensions  of  the  fairing  and  its  location  on  the 
model . 

4.  TEST  CONDITIONS 

A  summary  of  nominal  test  conditions  and  their  uncertainties 
is  presented  by  tunnel  entry.  Uncertainties  in  basic  tunnel  param¬ 
eters  pQ  and  Tq  and  a  two  sigma  deviation  in  Mach  number,  determined 
from  test  section  flow  calibrations,  were  used  to  estimate 
uncertainties  in  the  other  free-stream  properties  using  the  Taylor 
series  method  of  error  propagation  (Ref.  5). 

4.1  Entry  V41A-B4A 

NOMINAL  TEST  CONDITIONS 


Mm 

00 

P0*  PsiiJ 

V 

°F 

Psia 

Poo'  Psia 

Re/ft 
x  10-6 

1.5 

13.8 

100 

1 

5.9 

3.7 

3.9 

1.76* 

14.9 

6.0 

2.8 

o 

• 

CM 

16.4 

5.9 

2.1 

2.5 

20.9 

' 

f 

5.4 

1.2 

u 

*Probe  calibrations  only. 


m 


UNCERTAINTY  (+)  ,  PERCENT 


1.505  1.3  C 

1.756  1.1 

2.005  1.0 

2.503  0.8 

4.2  Entry  V41A-L5A 


NOMINAL  TEST  CONDITIONS 


UNCERTAINTY  (+) ,  PERCENT 


Re/ft 


M 

00 

Po,  psia 

To,°F 

qm,  psia 

Pc='  Psia 

Re/ft 
x  10"6 

1.5 

14.8 

120 

6.4 

4.0 

4.1 

2.0 

17.3 

120 

6.2 

2.2 

4.0 

2.5 

21.9 

120 

5.6 

1.3 

4.0 

M 

00 

00 

5o 

T 

o 

Poo 

Re/ft 

1.50 

1.3 

0.20 

0.5 

2.9 

0.3 

0.8 

2.00 

1.0 

3.0 

1.1 

1.1 

2.50 

0.8 

f 

▼ 

3.0 

1.5 

1.3 

4.3  Entry  V41A-M9A 


k  v 


NOMINAL  TEST  CONDITIONS 


4.4  Entry  V41A-T9A 


NOMINAL  TEST  CONDITIONS 


Re/ft 
-6 


Mm 

00 

P0/  Psia 

!o 

,°F 

q**  Psia 

Poo*  Psia 

x  10 

1.51 

14.5 

1 

20 

6.21 

3.89 

4.0 

1.63* 

18.8 

7.87 

4.23 

5.0 

1.63* 

14.0 

5.86 

3.15 

3.7 

1.65** 

18.8 

7.82 

4.11 

5.0 

2.00 

17.2 

i 

6.16 

2.20 

.  4.0 

♦Nominal 

M  =  1.60  Nozzle 

00 

Contour 

♦♦Nominal 

M  =  1.625 
00 

Nozzle 

Contour 

UNCERTAINTY  (+) , 

PERCENT 

M 

00 

p  ■ 

rO  00 

P 

T 

o  _o 

P  q 

*  00  ^00 

Re/f  t 

1.51 

14.5 

1. 

7 

0 

.2  0. 

5 

3. 

6 

0. 

4 

0. 

1.63 

18.8 

1. 

0 

3. 

0 

0. 

6 

1.63 

14.0 

1.65 

2.00 

18.8 

17.2 

0. 

< 

8 

1 

r  ' 

i 

' 

2. 

' 

5 

0. 

! 

9 

'< 

1. 

Re/ ft 


M 

00 

PQ*  Psia 

V°F 

qw,  psia 

Poo*  Psia 

VO 

1 

o 

H 

X 

1.51 

14.5 

120 

6.21 

3.89 

4.0 

2.00 

17.2 

I 

6.16 

2.20 

4.0 

1.95 

16.5 

1 

6.07 

2.28 

3.9 
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UNCERTAINTY  (+) ,  PERCENT 


£o 

1*1 

00 

£o 

T 

Re/ ft 

1.51 

14.5 

1.7 

0.2 

0. 

,5 

3.6 

0.4 

0.9 

2.00 

17.2 

0.6 

2.5 

0.9 

1.0 

1.95 

16.5 

0.8 

f 

' 

2.5 

0.9 

1.0 

4.5 

Entry  V41A- 

-V6A 

NOMINAL 

TEST  CONDITIONS 

Re/ft 

Nt 

00 

pQ,  psia 

Tq,°F 

qro,  psia 

Pco'  PSia 

x  10“6 

1.51 

14.5 

120 

6.21 

3.89 

4.0 

1.63 

14.2 

I 

5.97 

3.21 

3.8 

2.00 

17.2 

6.16 

2.20 

4.0 

UNCERTAINTY 

(+) ,  PERCENT 

N1 

00 

Eq 

M 

00 

%, 

Re/ ft 

1.51 

14.5 

1.7 

3. 

6 

0.4 

0.9 

1.63 

14.2 

1.0 

3. 

0 

0.6 

0.9 

2.00 

17.2 

0.8 

2. 

5 

0.9 

1.0 

5.  FLOW-FIELD  SURVEY  TESTS 

The  flow-field  data  were  taken  with  the  flow-field  rake,  shown 
in  Figure  16,  attached  to  the  CTS.  The  rake  is  made  up  of  three 
20°  half  angle  conically  tipped  probes  with  four  equally  spaced 
static  pressure  orifices  on  the  cone  surface  and  a  total  pressure 
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orifice  at  the  cone  apex.  The  probes  are  spaced  1.5  inches  apart, 
centerline  to  centerline. 

The  orientation  of  the  rake  in  the  tunnel  is  shown  in  Figure  17. 
It  was  always  positioned  in  a  vertical  plane  parallel  with  the  plane 
of  symmetry  of  the  parent  aircraft  configuration.  Nearly  all  of  the 
data  were  taken  with  the  probes  at  the  same  nominal  angle  of  attack 
as  the  parent  configuration.  A  limited  amount  of  data  were  taken 
during  entry  V6A  with  the  rake  at  a  slightly  larger  angle  of  attack 
than  the  parent.  This  was  done  to  alleviate  clearance  problems  and 
allow  data  to  be  obtained  closer  to  the  parent  aircraft. 

The  calibration  of  the  three  probes  on  the  flow-field  rake  is 
described  in  Section  4.1  of  Reference  1.  The  calibration  described 
there  is  for  the  Mach  number  range  from  1.25  to  about  3.0.  Since 
local  Mach  numbers  in  the  flow  field  of  the  parent  configuration 
less  than  1.25  were  expected,  calibration  data  from  Reference  8 
were  used  to  extend  the  data  reduction  procedure  into  the  subsonic 
speed  range.  The  data  obtained  during  the  present  test  program  for 
use  in  calibrating  the  probes  are  described  in  Appendix  A.  The  data 
reduction  equations  are  presented  in  Section  B.l  of  Appendix  B. 

5.1  Summary  of  Tests 

The  flow-field  survey  data  taken  with  a  parent  aircraft  con¬ 
figuration  present  are  summarized  in  Table  I.  Column  1  lists  all 
of  the  parent  configurations  tested.  The  model  component  nomen¬ 
clature  was  presented  in  Section  3.3.  The  second  column  of  Table 
I  gives  the  number  of  the  table  where  all  of  the  test  conditions 
for  that  parent  configuration  are  listed. 

These  tables,  Table  II  through  Table  XXIII,  all  have  the  same 
format.  Column  1  lists  the  Mach  number,  Mw,  and  column  2  the  angle 
of  attack  of  the  parent  aircraft.  Columns  3,  4,  and  5  list  the 


13 


coordinates  of  probe  1  of  the  points  at  which  data  were  taken.  The 
Xp,  Yp,  Zp  coordinate  system  has  its  origin  fixed  in  the  nose  of 
the  parent  configuration  and  is  shown  in  Figure  18.  Testing  was 
done  under  the  fuselage  centerline,  Yp  =  0,  or  under  the  left  wing, 
negative  Yp.  Column  6  only  applies  to  parent  configurations  con¬ 
taining  A.  or  A  and  specifies  the  location  of  the  duct  plugs 
measured  as  shown  in  Figure  8.  Columns  7  and  8  contain  the  AEDC 
test  number  and  group  number (s)  which  contain  the  data.  Sometimes 
two  group  numbers  were  required  to  handle  all  of  the  data  taken  in 
the  Xp  traverse.  These  last  two  columns  provide  the  input  data  to 
the  data  retrieval  computer  program. 

5.2  Data  Uncertainties 

The  cone  probe  pressures  were  measured  with  15-psid  trans¬ 
ducers  with  a  variable  reference.  The  variable  reference  was  also 
measured  with  another  15-psid  transducer  referenced  to  a  near 
vacuum.  These  transducers  were  calibrated  daily  over  a  range  of 
0.3  to  12.0  psia  using  an  air  dead  weight  tester.  Least  squares 
straight  line  curve  fits  through  these  data  points  were  used  in 
determining  a  single  scale  factor  for  the  15-psid  range  of  each 
transducer.  The  measurement  precision  is  estimated  to  be  0.05 
percent  of  reading. 

This  uncertainty  in  the  pressure  measurements  was  used  to 
estimate  the  corresponding  uncertainty  that  may  exist  in  the  cone 
probe  calibration  data  and  in  the  flow-field  survey  results  pre¬ 
sented  in  this  report.  The  Taylor  series  method  of  error 
propagation  was  used  in  this  analysis. 

The  following  tables  list  the  uncertainties  for  entries  B4A 
and  L5A. 
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PROBE  PRESSURES 


1.51 

1.76 

2.01 

2.50 


P 

0.05 


Uncertainty  (+) ,  Percent 
p/p.,  p^ 


p/p; 


LOCAL  MACH  NUMBER  EVALUATIONS 


Uncertainty  (+) , 
Absolute 


P/P- 


1.51 

1.76 

2.01 

2.50 


0.0012 

0.0012 

0.0012 

0.0026 


0.004 

0.006 

0.006 

0.026 


FLOW  ANGULARITY  PARAMETERS 


Uncertainty  (+) ,  Absolute 


Api  j/P  and 


M 

OO 

AP2,4/P 

n/p 

1.51 

0.003 

0.0003 

1.76 

0.003 

0.0004 

2.01 

0.004 

0.0005 

2.50 

0.006 

0.0007 
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The  uncertainties  for  entries  M9A,  T9A,  and  V6A  are  now  dis¬ 
cussed.  The  uncertainty  in  local  Mach  number  (M^)  measured  by  the 
probes  of  the  flow-field  rake  is  believed  to  be  about  the  same  as 
the  uncertainty  in  free-stream  Mach  number  (MJ  given  in  section  4. 
Uncertainty  in  local  flow  angles  (a^  and  is  estimated  to  be 

about  +0.2°.  The  uncertainty  in  model  pressures  normalized  by 
free-stream  static  pressure  (p^)  is  the  same  as  the  uncertainty  in 
p  listed  in  Section  4. 

*  oo 

5.3  Flow-Field  Test  Data  Retrieval 

Flow-field  data  from  the  first,  second,  fourth,  and  fifth 
entries  (B4A,  L5A,  T9A,  V6A)  are  recorded  on  two  flow-field  data 
tapes.  AEDC  was  unable  to  provide  a  magnetic  tape  of  the  M9A  data. 
This  is  unfortunate  since  the  M9A  flow-field  data  represented  a 
substantial  portion  of  the  flow-field  data  that  were  taken  during 
the  five  entries.  The  data  have  been  written  on  the  tapes  in  a 
standardized  format  so  a  single  computer  program  could  be  written 
for  data  retrieval.  This  standardized  format  necessitated  filling 
the  space  normally  occupied  by  valid  data  with  dummy  values  when 
data  for  a  given  entry  was  unavailable  or  did  not  apply  to  the 
configurations  tested  during  a  particular  entry.  These  values  have 
been  set  equal  to  zero. 

5.3.1  Use  of  the  computer  program 

A  listing  of  the  computer  program  used  in  retrieval  of  the 
flow-field  data  is  presented  in  Appendix  C.  The  input  to  the 
program  consists  of  two  cards  both  read  under  1615  format.  Two 
values  are  entered  on  the  first  card  in  the  first  two  5-character 
fields.  The  first  value  is  the  number  of  groups  of  data  to  be 
retrieved.  This  value  is  limited  to  less  than  17  solely  because  of 
the  dimensioning  of  the  variable  F  in  the  retrieval  program.  The 
second  value  on  the  first  card  is  an  integer  designating  which 
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entry  the  data  are  to  be  retrieved  for  (1  »  B4A,  2  »  L5A,  4  »  T9A, 

5  *  V6A) .  The  second  card  contains  the  group  numbers  of  the  data 
to  be  retrieved.  This  information  is  obtained  from  the  tables 
described  in  Section  5.1. 

The  first  tape  upon  which  the  data  is  written  is  a  multi-file 
tape.  The  second  tape  consists  of  a  single  file.  The  first  file 
on  the  first  tape  contains  data  from  B4A.  The  second  file  on  the 
first  tape  contains  data  from  L5A  and  the  third  file  on  the  first 
tape  contains  data  from  T9A .  The  first  and  only  file  on  the 
second  tape  has  the  data  from  V6A.  In  order  to  get  the  proper  data 
the  tape  must  be  positioned  at  the  beginning  of  the  file  that 
contains  the  data  for  the  entry  in  question;  e.g.,  to  retrieve  data 
from  entry  T9A  the  first  two  files  on  the  first  tape  must  be  skipped 
and  the  tape  must  be  positioned  at  the  beginning  of  the  third  file 
on  the  tape . 

5.3.2  Description  of  tabulated  data 

There  will  be  four  or  five  pages  of  output  for  each  group  of 
data  depending  on  whether  or  not  the  parent  configuration  had 
simulated  engine  inlets,  model  components  A^  or  A,.;  four  pages 
for  parent  configurations  without  inlets  and  five  pages  if  the 
parent  configuration  has  engine  inlets.  Sample  output  for  a  con¬ 
figuration  with  inlets  follows  the  program  listing  in  Appendix  C. 

The  first  line  of  each  page  tells  the  type  of  data,  the  entry 
number,  the  time  period  of  the  entry,  and  the  AEDC  document  that 
pertains  to  the  data  being  retrieved.  The  second  line  shows  the 
group  number  and  page  number*  The  third  line  gives  the  tunnel 
operating  conditions  and  the  parent  configuration  code.  The  fourth 
line  gives  the  angle  of  attack  of  the  parent  and  the  flow-field 
rake  as  well  as  the  lateral  and  vertical  locations  of  the  flow- 
field  rake.  Also  on  the  fourth  line  is  information  on  the  inlet 
plug  position.  These  four  lines  of  headings  are  printed  on  each 
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page.  The  reference  pressure,  the  angle  of  attack  of  the  rake,  and 
the  plug  position  information  is  valid  only  for  the  T9A  and  V6A 
entries. 

Page  1  shows  the  longitudinal  location  of  the  probe  closest  to 
the  parent  and  pressure  information  from  all  three  probes.  The 
assumption  as  to  location  of  the  point  at  which  the  flow  field  was 
measured  changed  between  L5A  and  M9A.  Originally,  it  was  assumed 
that  the  flow  field  was  being  measured  at  the  total  pressure 
orifice.  Later  it  was  assumed  that  the  flow  field  was  being 
measured  at  the  static  pressure  orifice.  If  the  angle  of  attack  of 
the  parent  and  the  probe  are  not  identical,  then  the  longitudinal 
location  for  each  probe  will  be  different.  Page  2  contains  data  for 
the  probe  closest  to  the  parent.  Page  3  gives  data  for  the  middle 
probe,  and  page  4  gives  data  for  the  probe  furthest  from  the  parent. 
For  entries  T9A  and  V6A  the  engine  inlet  data  is  presented  on  the 
fifth  page. 

On  pages  2  through  4,  the  local  flow-field  angle  of  attack  (ALP 
and  ALPL)  is  calculated  two  independent  ways  as  is  the  local  side- 
wash  (SIG  and  SIGL) .  For  entries  B4A  and  L5A  the  values  of  ALP  and 
SIG  were  calculated  incorrectly,  so  those  data  should  be  ignored  for 
those  entries. 

The  data  reduction  equations  are  presented  in  Section  B.2  of 
Appendix  B.  Some  of  the  equations  presented  in  Section  B.l  are 
also  used;  e.g.,  MLn- 


The  nomenclature 
the  following  table. 

ALPHA  (PAR) 

ALPHA  (RAKE) 

ALPn  n  =  1,2,3 

ALPLn  n  *  1,2,3 

ALTn  n  =  1,2,3 
CONF  (PAR) 

DP13/PBn  n  -  1,2,3 

DP24/PBn  n  *  1,2,3 

DVh/V8  n  »  1,2,3 

GROUP 


used  in  the  tabulated  output  is  contained  in 


Angle  of  attack  of  parent,  deg 

Mechanical  angle  of  attack  of  the  probe  rake, 
deg 

Local  flow-field  angle  of  attack  of  the  nfc^ 
probe  based  on  DP13,  deg 

Local  flow-field  angle  of  attack  of  the  ntl1 
nmho  in  Y.  —  7_  olane.  dea  f sec  Fia.  18i  ; 
positive  for  positive  w 

Total  angle  of  attack  of  the  nth  probe,  deg 

Parent  model  configuration  code 

Pressure  differential  in  pitch  plane  of  the  nth 
probe  normalized  by  average  cone  surface  pres¬ 
sure 

Pressure  differential  in  yaw  plane  of  the  nt*1 
probe  normalized  by  average  cone  surface  pres¬ 
sure 

Normalized  incremental  change  in  local  velocity 
of  the  nfc^  probe  relative  to  free-stream  ve- 
loci ty 

Data  group  number 
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LP 

MACH 

MLn  n  =  1,2,3 

(P/PT) R  or  L 

PBn/P8  n  »  1,2 

Pn5/PBn  n  =  1,2 

PHIn  n  -  1,2,3 

PLi  i  =  3,4,5 

PO,  PS I A 
PRi  1  *  3,4,5 

PREF,  PSIA 
PTLi  i  -  1,2 


i 


Inlet  plug  position  aft  of  fully  closed,  in. 


Free-stream  Mach  number 


< 


Local  Mach  number  of  the  nfc^  probe,  MLn  = 
F <PBn/Pn5) 


Inlet  average  static  pressure  normalized  by 
inlet  average  total  pressure  for  the  right  or 
left  inlet,  respectively 

3  Average  cone  surface  pressure  of  the  nfc^  probe 
normalized  by  free-stream  static  pressure 

3  Cone  pitot  pressure  of  the  nth  probe  normalized 
by  average  cone  surface  pressure 

Probe  total  angle  of  roll  as  sensed  by  the  nth 
probe,  deg 

Static  pressures  measured  in  the  left  inlet, 
psia 

Free-stream  stagnation  pressure,  psia 

Static  pressures  measured  in  the  right  inlet, 
psia 

Reference  pressure  for  probe  pressures,  psia 
Total  pressures  measured  in  the  left  inlet,  psi 


PTRi  i  *  1,2 


Total  pressures  measured  in  the  right  inlet, 
psia 


PTn/PBn  n  »  1,2 

P8,  PSIA 
Q8,  PSIA 
QLn/Q8  n  =  1,2, 

RE/FT*10**6 
SIGn  n  »  1, 2,3 

SIGLn  n  «  1,2,3 

TO,  DEG  (R) 

T8 ,  DEG  (R) 

Un/V8  n  »  1,2,3 

( V/V8) R  or  L 

Vh/V8  n  -  1,2,3 


,3  Interpolation  or  extrapolation  of  Pn5/PBn  of  the 
n  probe  to  obtain  a  value  at  the  same  axial 
location  as  the  probe  reference  point  (§,  of 
static  taps) 

Free-stream  static  pressure,  psia 

Free-stream  dynamic  pressure,  psia 

3  Local  stream  dynamic  pressure  of  the  nth  probe 
normalized  by  free-stream  dynamic  pressure 

-6  -1 

Free-stream  Reynolds  number  x  10  per  ft,  ft 

Local  sidewash  angle  of  the  nth  probe  based  on 
DP24 ,  deg 

Local  sidewash  angle  of  the  nth  probe  in 
Xp  -  Yp  plane,  deg  (see  Fig.  18);  positive 
for  positive  v 

Free-stream  stagnation  temperature,  °R 

Free-stream  static  temperature,  °R 

Local  u  velocity  determined  by  the  nth  probe 
normalized  by  V8  (see  Fig.  18) 

Inlet  flow  velocity  normalized  by  free-stream 
velocity  for  the  right  or  left  inlet,  respec¬ 
tively,  based  on  (P/PT)R  or  L 

Local  v  velocity  determined  by  the  nth  probe 
normalized  by  V8  (see  Fig.  18) 
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V8,  FT/SEC 


Free-stream  velocity,  ft/sec 


Wn/V8  n  =  1,2,3  Local  w  velocity  determined  by  the  nth  probe 

normalized  by  V8  (see  Fig.  18) 

Xn(IN)  n  ■  1,2,3  Axial  location  Xp  of  the  n  probe  reference 

point  (probe  tip  for  B4A  and  L5A;  of  static 
taps  for  M9A,  T9A,  and  V6A)  relative  to  the 
parent  reference  point  (nose) ,  in. 

Y1  (IN)  Lateral  location  Yp  of  all  probe  reference 

points  (probe  longitudinal  £)  relative  to  the 
parent  reference  point  (longitudinal  £) ,  in. 

Zn(IN)  n  =  1,2,3  Vertical  location  Zp  of  the  nth  probe  reference 

point  (probe  longitudinal  £  at  static  tap  £) 
relative  to  the  parent  reference  point  (longi¬ 
tudinal  £) ,  in. 

6.  PRESSURE  DISTRIBUTION  TESTS 

Pressure  distribution  data  were  obtained  from  the  first,  third, 
fourth,  and  fifth  entries  (B4A,  M9A,  T9A,  and  V6A) .  No  pressure 
distribution  data  were  taken  during  the  second  entry  (L5A) .  Pressure 
distributions  measured  during  B4A,  M9A,  and  T9A  were  on  the  finless 
ogive-cylinder  store,  Sp,  shown  in  Figure  19.  Longitudinal  pressure 
variations  were  obtained  by  virtue  of  19  pressure  orifices  located 
along  one  meridian  of  the  store.  Circumferential  pressure 
distributions  were  obtained  by  rolling  the  store  about  its  longi¬ 
tudinal  axis  through  360°  in  increments  of  10°.  Longitudinal 
loading  distributions  were  obtained  by  integrating  the  circumfer¬ 
ential  pressure  distributions.  Store  loads  were  obtained  by 
longitudinal  integration  of  the  loading  distributions.  The  moment 
reference  location  is  shown  in  Figure  19.  The  equations  used  in  the 
integrations  are  presented  in  Section  B.3  of  Appendix  B. 


During  the  V6A  entry,  a  f inless  store  with  an  elliptical  cross 
section,  S__,  was  tested.  There  were  two  store  pressure  models 
which  made  up  SEp.  Both  were  2:1  ellipses  at  all  longitudinal 
stations,  see  Figure  20.  Figure  20(a)  shows  S£pl  and  Figure  20(b) 
shows  S£p2W.  During  the  V6A  tests,  the  wings  were  removed  and 
the  store  designated  S  _.  Each  model  has  two  longitudinal  rows  of 
pressure  orifices,  taps  1  through  29.  Taps  30  through  33  on  one 
model  matched  locations  on  the  other  model  and  provided  redundant 
measurements  for  comparison.  At  a  specific  position  or  attitude  in 
the  stream  or  interference  flow  field,  four  groups  of  pressure  data 
were  combined  to  describe  the  surface  pressure  distribution  on  the 
model.  This  provided  data  at  eight  circumferential  positions  at 
each  of  14  axial  stations.  For  example,  when  SEP^  was  at  0°  roll, 
pressure  data  were  obtained  at  two  circumferential  positions,  0°  and 


270°,  at  each  of  the  14  axial  stations.  By  rolling  S 


EP1 


180°  data 


were  obtained  at  90°  and  180°.  SEP2  i-s  next  positioned  at  the  same 
place  and  attitude  in  the  free-stream  or  interference  flow  field  as 
SEP1  was  ^or  the  Previously  described  two  groups  of  data.  With  SEp2 
at  0°  roll  data  are  obtained  at  55°  and  305°.  Next,  SEp2  is  rolled 
180°  to  obtain  data  at  125°  and  235°.  If  a  measured  pressure  was 
found  to  be  incorrect  because  of  a  leak  or  restriction  in  the 
pressure  tube  or  noise  in  the  transducer  signal,  the  value  of  the 
pressure  was  set  •to  zero.  During  the  pressure  integrations  linear 

"  *  I 

interpolation  in  the  longitudinal  direction  was  used  to  determine  a 
value  for  pressures  that  had  been  zeroed. 


The  pressure  integrations  were  performed,  as  for  the  ogive-cyl¬ 
inder  store,  to  obtain  longitudinal  loading  distributions  and  the 
overall  store  loads.  The  equations  used  are  presented  in  Section 
B.4  of  Appendix  B.  Since  only  eight  pressures  were  measured  at 
each  longitudinal  station,  the  authors  recommend  that  the  results 
of  these  integrations  be  used  with  extreme  caution. 
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6.1  Summary  of  Tests 

6.1.1  Ogive-cylinder  store 

The  pressure  distribution  data  taken  on  the  ogive-cylinder  store 
are  summarized  in  Table  XXIV.  Column  1  lists  all  of  the  parent 
configurations  tested.  The  model  nomenclature  was  presented  in 
Section  3.3.  The  second  column  of  Table  XXIV  gives  the  number  of 
the  table  where  all  of  the  test  conditions  for  that  parent  con¬ 
figuration  are  listed. 


These  tables.  Tables  XXV  through  XXXVII,  all  have  the  same  for¬ 
mat.  Column  1  lists  the  Mach  number.  Column  2  gives  the  parent 
configuration  angle  of  attack,  ap,  and  columns  3  and  4  list  the 
store  angle  of  attack,  a  ,  and  yaw  angle,  B  .  Positive  B_  is  nose 
toward  the  parent  when  under  the  left  wing. 


The  next  three  columns  specify  the  store  position.  Column  6 
gives  the  Yp  location  of  the  store  moment  center.  Columns  5  and  7 
specify  the  Xp  and  Zp  coordinates  of  the  store  moment  center  rela¬ 
tive  to  the  carriage  position  on  a  pylon  or  the  TER  rack.  The 
carriage  position  at  the  three  pylon  locations  is  shown  in  Figure  ,9. 
The  Xp  and  Zp  coordinates  of  the  moment  center  for  AXp  =  AZp  =  0 
for  the  various  Yp  locations  used  are 


Yp,  in. 


0.0 

-4.0 

-4.75 

-8.0 

With  the  TER,  model  component 
4.0  inches 


Xp  f  i  n  • 

Zpf  i n • 

-19.42 

2.82 

-20.84 

1.37 

-20.84 

1.37 

-24.52 

1.30 

T,  attached  to 

(P2) 1/3  at  Yp 
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Xp  *  -20.84  in. 

Zp  *  2.08  in. 

Column  8  only  applies  to  parent  configurations  containing  A4  or 
and  specifies  the  location  of  the  duct  plugs  measured  as  shown 
in  Figure  8.  Columns  9  and  10  list  the  AEDC  test  number  and  group 
number  which  contains  the  data  for  each  test  condition.  These 
columns  provide  the  input  data  to  the  data  retrieval  computer  pro¬ 
gram. 

6.1.2  Elliptic  store 

The  pressure  distribution  data  taken  on  the  elliptic  store  are 
summarized  in  Table  XXXVIII  in  the  same  manner  as  was  used  for  the 
ogive-cylinder  store.  The  test  conditions  for  the  various  parent 
configurations  are  presented  in  Tables  XXXIX  through  XLVII. 

Table  XXXIX  lists  the  store  free-stream,  or  store  alone,  data. 
Tables  XL  through  XLVII  list  the  test  conditions  with  various  parent 
configurations  present.  Columns  1  through  9  of  Tables  XL  through 
XLVII  present  the  same  information  as  was  previously  described  for 
the  ogive-cylinder  store.  The  following  table  lists  by  table  number 
the  Xp  and  Zp  coordinates  of  the  moment  center,  see  Figure  20(a),  for 
AXp  =  AZp  *  0. 


Table 

No. 

t  • 

Zp,  in 

XL 

-18.34 

2.82 

XLI 

-19.76 

1.37 

XLII 

-22.00 

2.43 

XL  1 1 1 

-18. 34 

2.82 

XLI  V 

-22.00 

2.43 

XL  V 

-22.00 

2.43 

XL  VI 

-18.34 

2.82 

XLVII 

-22.00 

2.43 
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The  four  columns  following  column  9  list  the  four  AEDC  group 
numbers  which  contain  the  pressure  data  taken  on  the  two  pressure 
models  at  the  two  roll  attitudes.  The  <{>  ■  0°  roll  orientation  of 
the  two  stores  will  now  be  defined.  Figure  21  shows  an  X,Y,Z  co¬ 
ordinate  system  with  its  origin  at  the  store  moment  center.  When 
the  store  is  oriented  such  that  a  =  a-  and  B  *  0,  the  system  is 

S  r  S 

parallel  to  the  Xp,  Yp,  Zp  system  shown  in  Figure  18.  The  zero 
degrees  roll  orientation,  <J>  =  0°,  for  the  elliptic  stores  (see  Fig. 
20)  puts  the  major  axis  of  the  ellipse  in  the  Z  =  0  plane.  For 
pressure  model  SEpl  orifices  16  through  29  are  on  the  side  closest 
to  the  parent  aircraft.  For  pressure  store  SEp2  orifices  1  through 
29  are  on  the  side  closest  to  the  parent  aircraft. 


The  free-stream  elliptic  store  test  conditions  are  listed  in 

Table  XXXIX.  The  combined  angle  of  attack  of  the  store,  ac  ,  is 

s 

listed  in  column  2  and  the  store  roll  angle,  <J>  ,  in  column  3.  The 

s 

<j>  *  0°  orientation  has  the  major  axis  of  the  ellipse  horizontal 

s 

in  the  wind  tunnel.  In  this  orientation  orifices  16  through  29 
on  S£pl  and  orifices  1  through  29  on  SEp2  are  on  the  leeward  side  at 
positive  aCg.  Positive  <fs  is  a  clockwise  rotation  of  the  model  when 
viewed  from  the  rear. 


The  last  column  of  Tables  XXXIX  through  XLVII  lists  the  group 
number  containing  the  longitudinal  load  distributions  and  total 
loads  calculated  by  integrating  the  pressure  distributions.  The 
last  five  columns  of  these  tables  provide  the  input  data  to  the  data 
retrieval  computer  programs. 

6.2  Data  Uncertainties 

The  uncertainties  in  the  pressures  measured  on  the  model  are  the 
same  as  those  given  in  Section  5.2  for  the  flow-field  rake.  The 
ogive-cylinder  store  was  tested  during  entries  B4A,  M9A ,  and  T9A . 

The  elliptic  store  was  used  only  during  entry  V6A. 
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It  is  difficult  to  establish  a  percentage  uncertainty  for  the 
loading  distributions  and  the  overall  loads  which  were  determined 
by  integration  of  the  pressure  distributions.  One  statement  that 
can  be  made  is  that  the  results  for  the  ogive-cylinder  store  should 
be  much  more  accurate  than  those  obtained  for  the  elliptic  store. 

The  elliptic  store  only  had  eight  circumferential  pressures  at  a 
given  axial  location  while  the  other  had  36.  The  elliptic  store 
data  should  be  used  with  extreme  caution. 

6.3  Pressure  Test  Data  Retrieval 

Due  to  the  fact  that  one  group  of  data  defined  the  axial  and 
circumferential  pressure  distribution  for  the  ogive-cylinder  store 
while  four  groups  were  needed  to  perform  the  same  task  for  the 
elliptical  store,  three  separate  computer  programs  are  required  for 
data  retrieval.  Program  PDCYL  retrieves  data  for  the  ogive-cylinder 
store.  Program  PDE  retrieves  the  pressure  distribution  data  for 
the  elliptical  store,  while  program  PDEI  is  used  to  retrieve  the 
integrated  pressure  data  for  the  elliptical  store.  The  information 
on  the  magnetic  tape  is  contained  on  five  files.  The  first  three 
files  contain  the  data  from  B4A,  M9A,  and  T9A,  respectively.  The 
fourth  file  has  the  pressure  distribution  data  from  V6A ,  and  the 
fifth  file  has  the  pressure  integration  results  from  V6A. 

6.3.1  Use  of  the  computer  programs 

Listings  of  the  computer  programs  used  to  retrieve  the  data  are 
contained  in  Appendix  D.  The  input  to  all  three  programs  is 
similar.  Two  cards  of  input  are  required  for  each  program.  These 
cards  are  read  under  1615  format.  Two  values  are  read  from  the 
first  card.  The  first  value  is  the  number  of  groups  of  data  to  be 
retrieved.  The  second  value  is  the  entry  number  (1  *  B4A,  3  *  M9A, 

4  *  T9A,  5  *  V6A) .  The  entry  number  is  optional  for  the  elliptical 
store  data  (V6A) .  These  two  values  are  entered  in  the  first  two 
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5-character  fields.  The  second  card  contains  the  group  numbers 
(<17)  of  the  data  to  be  retrieved.  This  information  is  obtained 
from  the  tables  described  in  Section  6.1.  As  discussed  earlier  the 
tape  is  a  multi-file  tape  and  must  be  positioned  at  the  beginning 
of  the  proper  file  in  order  to  get  the  desired  data. 

6.3.2  Description  of  tabulated  data 

6. 3. 2.1  Ogive-cylinder  store.-  For  the  ogive-cylinder  store 
the  data  for  each  group  require  three  pages  of  output.  A  sample 
follows  the  listing  of  program  PDCYL  in  Appendix  D.  The  first 
line  of  output  on  each  page  tells  the  type  of  data,  the  entry 
number,  the  time  period  of  the  entry,  and  the  applicable  AEDC 
document.  The  next  line  gives  the  group  number  and  page  number  of 
this  group.  The  third  line  gives  the  tunnel  operating  conditions 
and  the  fourth  line  gives  the  parent  and  store  configurations.  The 
information  on  the  parent  configuration  was  only  available  for  the 
T9A  entry  as  was  the  information  on  the  fifth  line  designated  LP. 

Also  on  line  five  is  the  parent  and  store  angles  of  attack  and 
store  position.  These  first  five  lines  are  repeated  on  all  three 
pages  of  output  for  each  group.  Pages  one  and  two  contain  the 
pressure  data  as  a  function  of  roll  attitude  and  axial  location. 

The  0°  roll  attitude  places  the  orifices  on  the  top  of  the  store. 
Positive  roll  is  clockwise  viewed  from  the  rear.  Page  three  gives 
the  distributed  and  total  loads  derived  from  pressure  integrations. 
The  directions  of  positive  forces  and  moments  are  shown  in  Figure  21. 

The  nomenclature  used  in  the  tabulated  output  is  contained  in 
the  following  table. 

ALPHA  (PAR)  Angle  of  attack  of  parent,  deg 

ALPHA  (STORE)  Angle  of  attack  of  CTS  pressure  model,  deg 


28 


CA1 

CA2 

CLN 

CLNA 

CLNY 

CLN/CY 

CM 

CMA 

CMN 

CM/CN 

CN 

CONP  (PAR) 

CY 


Axial-force  coefficient  (axial  integration) , 
Force/ (Q8  •  S) 

Axial-force  coefficient  (radial  integration). 
Force/ (Q8  •  S) 

Resultant  yawing-moment  coefficient,  CLN  * 

CLNA  +  CLNY 

Yawing-moment  coefficient  due  to  axial  force 
loading,  yawing  moment/ (Q8  •  S  •  L) 

Yawing-moment  coefficient  due  to  side  force 
loading,  yawing  moment/ (Q8  •  S  •  L) 

Ratio  of  CLNY  to  CY 

Resultant  pitching-moment  coefficient,  CM  * 

CMA  +  CMN 

Pitching-moment  coefficient  due  to  axial  force 
distribution,  pitching  moment/(Q8  •  S  •  L) 

Pitching-moment  coefficient  due  to  normal  force 
loading,  pitching  moment/ (Q8  •  S  •  L) 

Ratio  of  CMN  to  CN 

Normal-force  coefficient,  normal  force/(Q8  •  S) 

Parent  model  configuration  code 

Side-force  coefficient,  side  force/(Q8  •  S) 


DX,DY 

GROUP 
L  ,1 

LCA 

LCLN 

LCM 

LCN 

LCY 

LP 

MACH 

Pn/P8 


.  ■  —  ,.Y 


DZ  Coordinate  of  store  model  reference  point 

(midpoint  of  store  model  £)  relative  to  store 
reference  point  in  its  carriage  position  in 
the  Xp,  Yp,  and  Zp  directions,  positive  up¬ 
stream,  out  the  right  wing,  and  away  from  the 
parent  model,  respectively,  in. 

Data  group  number 

Moment  coefficient  reference  length, 
l  =  0.75  in. 

Local  axial-force  coefficient  per  unit  length, 
in-1  [local  axial  force/(Q8  •  S)] 

Local  yawing-moment  coefficient  per  unit  length, 
in  1  [local  yawing  moment/ (Q8  •  S  •  L) ] 

Local  pitching-moment  coefficient  per  unit 
length,  in”1  [local  pitching  moment/ 

(Q8  •  S  •  L) ] 

Local  normal-force  coefficient  per  unit  length, 
in  1  [local  normal  force/ (Q8  •  S) ] 

Local  side-force  coefficient  per  unit  length, 
in  1  [local  side  force/ (Q8  •  S)] 

Inlet  plug  position  measured  from  the  fully 
closed  position,  in. 

Free-stream  Mach  number 

n  *  1-19  Pressure  as  sensed  by  the  nfc^  tap  normalized 

by  free-stream  static  pressure 
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PHI 

PO,  PS I A 
PREF,  PSIA 
P8 ,  PSIA 
Q8 ,  PSIA 
RE/FT*10**6 

S 

TO,  DEG  (R) 
T8 ,  DEG  (R) 
V8 ,  FT/SEC 
X/L 


Store  model  roll  angle,  deg 

Free-stream  stagnation  pressure,  psia 

Reference  pressure,  psia 

Free-stream  static  pressure,  psia 

Free-stream  dynamic  pressure,  psia 

Free-stream  Reynolds  number  x  10~^,  ft~^ 

Force  and  moment  coefficient  reference  area, 
in.2  (S  =  0.4418  in.2) 

Free-stream  stagnation  temperature,  °R 

Free-stream  static  temperature,  °R 

Free-stream  velocity,  ft/sec 

Distance  from  the  store  body  nose  to  the  sur¬ 
face  pressure  tap  normalized  by  the  store  body 
length  (L  =  6.375  in.) 


6. 3. 2. 2  Elliptic  store.-  The  fourth  file  on  the  pressure  tape 
contains  the  pressure  data  taken  with  the  elliptical  store  during 
the  V6A  entry.  The  fifth  file  contains  the  integrated  pressure  data 
from  V6A.  The  authors  recommend  that  the  integrated  loads  from  V6A 
be  used  with  extreme  caution.  It  is  felt  that  the  8  circumferential 
pressures  at  14  axial  stations  are  insufficient  to  define  the  store 
loading  at  all  test  conditions.  Each  group  of  pressure  data  is 
presented  on  one  page  of  output.  A  sample  follows  the  listing  of 
program  PDE  in  Appendix  D.  The  first  line  gives  the  type  of  data. 
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the  entry  number,  the  time  period  of  the  entry,  and  the  pertinent 
AEDC  document.  The  next  four  lines  give  the  group  number,  tunnel 
operating  conditions,  parent  and  store  configurations,  and  the  loca¬ 
tion  and  orientation  of  the  store  model.  This  information  is 
followed  by  the  data. 

The  following  table  presents  the  nomenclature  used  in  the 
tabulated  output. 


ALPHA  (PAR) 


ALPHA  (STORE) 


CONF  (PAR) 


CONF  (STORE) 


DX,DY,DZ 


GROUP 


MACH 


MODEL  TAP 


Parent  model  angle  of  attack,  deg 

Pressure-distribution  store  model  angle  of 
attack,  deg 

Parent  model  configuration  code 

Store  model  configuration,  SEP1  or  SEP2 

Displacement  of  the  store  moment  center  from  the 
reference  point  in  the  Xp,  Yp,  and  Zp  direc¬ 
tions,  positive  upstream,  out  the  right  wing 
and  away  from  the. parent  model,  respectively,  in. 

Data  group  numbers 

Inlet  plug  position  measured  from  the  fully 
closed  position,  in. 

Tunnel  free-stream  Mach  number 

Number  associated  with  each  pressure  measuring 
tap  on  the  store  model,  (see  Pig.  20) 
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P/P  8 


Value  of  the  pressure  from  a  specific  model 
tap,  psia 

Model  pressure  referenced  to  free-stream  static 
pressure 


PHI  (STORE) 


PREF 


Store  model  roll  angle  used  to  get  two  rays  of 
pressure  distributions  at  one  DX,  DY,  DX,  ALPHA 
(STORE),  YAW  (STORE),  and  PHI  position,  deg  (see 
Fig.  20) 

Tunnel  stilling  chamber  pressure,  psia 

Reference  pressure  on  the  scanivalve  transducer, 
psia 

Tunnel  free-stream  static  pressure,  psia 


RE/FT*1 0**6 


Tunnel  free-stream  dynamic  pressure,  psia 


Tunnel  free-stream  Reynolds  number  *  10  ®,  ft  ^ 


Tunnel  stilling  chamber  temperature,  °R 

Tunnel  free-stream  static  temperature,  °R 

Tunnel  free-stream  velocity,  ft/sec 

Store  model  tap  location  from  the  model  nose 
normalized  by  the  model  length  (L  *  6.0  in.) 


YAW  (STORE) 


Pressure-distribution  store  model  yaw  angle, 
deg 
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Each  group  of  integrated  pressure  data  is  presented  on  one 
page  of  output.  A  sample  follows  the  listing  of  program  PDEI  in 
Appendix  D.  The  top  of  the  page  presents  the  same  information  as 
was  listed  for  the  pressure  data.  Following  this  the  pressures 
used  in  the  integrations  are  listed  as  a  function  of  axial  location, 
X/L,  and  polar  angle,  PHI (RAY).  PHI (RAY)  =  0.0  is  on  the  top  of 
the  store  and  PHI  is  positive  clockwise  around  the  store  when  viewed 
from  the  rear.  After  the  pressures  the  loading  distributions  and 
total  loads  are  listed.  The  last  line  lists  the  pressure  data  group 
numbers  which  contained  the  data  used  in  the  integrations. 

The  nomenclature  used  in  the  tabulated  output  is  defined  in  the 
following  list. 


ALPHA  (PAR) 
ALPHA  (STORE) 


CA 


CN 

CLM 


Parent  model  angle  of  attack,  deg 

Pressure-distribution  store  model  angle  of 
attack,  deg 

Axial-force  coefficient  (axial  integration  un¬ 
corrected  for  base  pressure) ,  axial  force/ 

(Q8  •  S) 

Normal-force  coefficient,  normal  force/ (Q8  •  S) 

Pitching-moment  coefficient,  pitching  moment/ 
(Q8  •  S  •  L) 


CLN 


Yawing-moment  coefficient,  yawing  moment/ 
(Q8  •  S  •  L) 


CY 


Side-force  coefficient,  side  force/ (Q8  •  S) 


DCA/DX 


Local  axial-force  coefficient,  in.  ^  [local 
axial  force/(Q8  •  S)] 


DCLM/DX 


DCLN/DX 


Local  pitching-moment  coefficient,  in.  1  [local 
pitching  moment/ (Q8  •  S  •  L)  ] 

Local  yawing-moment  coefficient,  in.  ^  [local 
yawing  moment/ (Q8  •  S  •  L)  ] 


DCN/DX 


Local  normal-force  coefficient,  in.  [local 
normal  force/(Q8  •  S)] 


DCY/DX 


DX,DY,DZ 


Local  side-force  coefficient,  in.  ^  [local 
side  force/ (Q8  •  S)] 


Displacement  of  the  store  moment  center  from  the 
reference  point  in  the  Xp,  Yp,  and  Zp  direc¬ 
tions,  positive  Upstream,  out  the  right  wing 
and  away  from  the  parent  model,  respectively,  in. 


GROUP 


Data  group  number 


Moment  coefficient  reference  length,  L  = 
1.061  in. 

Inlet  plug  position  measured  from  the  fully 
closed  position,  in. 


MACH 


Tunnel  free-stream  Mach  number 


PARENT  CONFIG 


Parent  model  configuration 


Pressure  distribution  store  model  true  roll 
angle,  deg 
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PHI  (RAY) 


Circumferential  roll  positions  of  rays  of 
pressure  measurements,  deg 


PO 
P/P  8 


P8 


Q8 

RE/FT*10**6 

S 


TO 

T8 

V8 

X/L 


YAW  (STORE) 


Tunnel  stilling  chamber  pressure,  psia 

Model  pressure  referenced  to  free-stream  static 
pressure 

Tunnel  free-stream  static  pressure,  psia 

Tunnel  free-stream  dynamic  pressure,  psia 

Tunnel  free-stream  Reynolds  number  x 10  ®,  ft  ^ 

Force  and  moment  coefficient  reference  area, 

(S  =  0.884  in.2) 

Tunnel  stilling  chamber  temperature,  °R 

Tunnel  free-stream  static  temperature,  °R 

Tunnel  free-stream  velocity,  ft/sec 

Store  model  tap  location  from  the  model 
nose  normalized  by  the  model  length  (L  * 

6.0  in.) 

Pressure-distribution  store  model  yaw  angle,  deg 


7.  FORCE  AND  MOMENT  TESTS 

The  force  phase  of  the  test  consisted  of  taking  six-component 
force  and  moment  data  on  several  different  store  models.  Data 


were  taken  in  a  grid  pattern  in  the  flow  field  of  the  generalized 
f ighter-bomber  aircraft.  The  grid  data  were  taken  as  the  parent 
aircraft  was  built  up  from  a  simple  ogive-cylinder  fuselage  with 
mid  wing  to  a  realistic  fighter-bomber  aircraft  with  noncircular 
cross  section  including  flow  through  inlets.  Store  models  were 
tested  on  pylons  under  the  fuselage  and  wing.  Free-stream  forces 
and  moments  were  also  measured  for  all  of  the  store  configurations. 

The  store  models  used  during  the  test  program  are  shown  in 
Figures  22  and  23.  Figure  22  shows  a  series  of  ogive-cylinder 
stores.  All  of  the  store  bodies  are  identical.  A  f inless 
model,  slfn'  *s  shown  *n  Figure  22(a).  Tw^  models  with  cruciform 
fins  are  shown  in  Figures  22(b)  and  22(c).  Store  SLFF  was  used 
during  entries  B4A  and  L5A.  Store  Scoc  was  used  during  the  last 
three  entries,  M9A,  T9A,  and  V6A.  Planar,  spoc»  and  triform, 

STOC'  versions  of  scoc  are  shown  *n  Figures  22(d)  and  22(e). 

The  store  coordinate  system  is  shown  in  Figure  21  along  with  the 
positive  sense  of  the  force  and  moment  coefficients.  The  system 
has  its  origin  at  the  store  moment  center  (moment  reference  loca¬ 
tion).  In  the  carriage  or  zero  point  location,  the  store  X,Y,Z 
system  is  parallel  to  the  parent  aircraft  Xp,  Yp,  Zp  system  shown 
in  Figure  18.  The  orientations  of  the  fins  on  the  finned  stores 
when  in  the  carriage  positions,  viewed  from  the  rear,  are  shown 
in  the  following  sketch. 


The  sixth  store,  SE,  used  in  the  test  program  is  shown  in 
Figure  23.  It  consists  of  a  body  which  is  a  2  to  1  ellipse,  a 
monoplane  wing,  and  an  in terd ig i ta ted  cruciform  tail.  In  the 
carriage  position  the  wing  is  in  the  Z  =  0  plane. 
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7.1  Summary  of  Tests 


The  force  and  moment  tests  are  summarized  in  Table  XLVIII. 
Column  1  lists  the  store  tested  and  column  2  gives  the  table 
number  where  all  of  the  parent  aircraft  configurations  used 
with  that  store  are  listed  as  are  the  test  conditions.  All  of 
the  isolated  store  data  (no  parent  configuration  present)  have 
been  grouped  together  in  Table  XLIX. 

The  data  obtained  on  the  various  stores  shown  in  Figures  22 

and  23  in  the  presence  of  various  parent  aircraft  configurations 

are  listed  in  Tables  L  through  LV.  The  first  item  listed  is  the 

parent  conf igure tion  (the  model  nomenclature  was  presented  in 

Section  3.3).  The  next  four  columns  list  the  Mach  number,  Mro, 

the  parent  aircraft  angle  of  attack,  ap,  the  store  angle  of  attack, 

a  ,  and  the  store  yaw  angle,  8  .  Positive  8  is  nose  to  the  right 
s  s  s 

viewed  from  the  rear.  Column  8  lists  the  CTS  zero  point,  or 
reference  point,  from  which  AXp,  AYp,  and  AZp  given  in  columns 
9  through  11  are  measured. 

The  zero  points  are  listed  in  Table  LVI.  Column  1  lists  the 
zero  point  number  and  the  second  column  defines  the  store  location. 
The  last  column  gives  the  coordinates  of  the  store  moment  reference 
point  (moment  center)  in  the  Xp,  Yp,  Zp  system  shown  in  Figure  18 
when  AXp  *  AYp  =  AZp  =  0. 

Column  12  in  Tables  L  through  LV  gives  the  duct  plug  location 
and  is  only  applicable  to  parent  configurations  containing  A^  or 
A^.  Columns  13  and  14  list  the  AEDC  test  number  and  group  number 
which  contains  the  data.  These  last  two  columns  provide  the 
input  data  to  the  data  retrieval  computer  program. 

For  each  "group"  of  data  listed  in  Tables  L  through  LV  one  of 
the  following  three  parameters,  AZ  ,  a,  or  B_,  is  designated 

r  S  S 


with  a  two  letter  identifier.  For  a  particular  group,  that  is 
the  quantity  which  was  varied.  The  values  of  these  quantities 
used  for  the  various  two  letter  designations  are  listed  in 
Tables  LVII  through  LIX. 

Table  XLIX  lists  the  isolated  store  data.  Column  1  gives  the 
store  designation  and  column  2  lists  the  Mach  number,  M^.  The 
third  column  gives  the  store  roll  angle,  <p  ,  measured  relative 

O 

to  the  fin  orientation  on  the  balance.  Positive  4>s  is  clockwise 

when  viewed  from  the  rear.  Columns  4  and  5  give  the  store  angles 

of  attack  and  yaw.  The  values  associated  with  the  two  letter 

identifiers  are  listed  in  Tables  LVIII  and  LIX.  When  0  f  0°  and 

s 

6_  =  0°,  a  is  the  total  or  combined  angle  of  attack,  the  angle 
s  s 

between  the  store  longitudinal  axis  and  the  free-stream  velocity 
vector. 

For  some  tests  with  store  SCQC,  the  store  location  in  the  wind 
tunnel  was  varied.  Columns  6  through  8  give  the  XT,  YT,  ZT  tunnel 
coordinates.  With  YT  =  ZT  =  0  the  store  is  on  the  tunnel  center- 
line.  The  XT  =  0  location  is  defined  in  Reference  5.  The  values 
of  ZT  used  when  Z T  is  specified  as  AZT  are  given  in  Table  LX. 

The  last  two  columns  of  Table  XLIX  give  the  test  number  and 
group  number  containing  the  data.  These  are  input  to  the  data 
retrieval  computer  program. 

7.2  Balance  and  Associated  Data  Uncertainties 

Model  forces  and  moments  were  measured  with  six-component, 
moment  type,  strain-gage  balances  calibrated  by  VKF  personnel. 

Prior  to  the  test,  static  loads  in  each  plane  and  combined  static 
loads  were  applied  to  the  balance  to  simulate  the  range  of  loads  and 
center  of  pressure  locations  anticipated  during  the  test.  The 
uncertainties  presented  here  represent  the  bands  which  enclose  95 
percent  of  the  measured  residuals,  based  on  differences  between  the 
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applied  loads  and  the  corresponding  values  calculated  from  the 
balance  calibration  equations  included  in  the  final  data  reduction. 

Balance  and  base  pressure  uncertainties  were  combined  with 
uncertainties  in  the  tunnel  parameters,  using  the  Taylor  series 
method  of  error  propagation,  to  estimate  the  uncertainty  of  the 
aerodynamic  coefficients  which  are  presented  below.  They  are 
taken  from  References  1  through  5. 

For  entries  M9A,  T9A,  and  V6A  the  basic  precision  of  the 
aerodynamic  coefficients  was  also  computed  using  only  the  balance 
and  base  pressure  uncertainties  along  with  the  nominal  test 
conditions,  using  the  assumption  that  the  free-stream  flow  non¬ 
uniformity  is  a  bias  type  of  uncertainty  which  is  constant  for 
all  test  runs.  These  values  therefore  represent  the  data 
repeatability  expected  and  are  especially  useful  for  detailed 
discrimination  purposes  in  parametric  model  studies. 

V41A-B4A 


PWT  Balance  Number  6-.40-.010-.40M-G 


Component 

Balance 

Design 

Loads 

Calibration 
Load  Range 

Range  of 
Check 
Loads 

Measurement 

Uncertainty 

Normal  Force ,  lb 

10 

4 

+2.5 

+0.025 

Pitching  Moment,*  in. -lb 

20 

10 

+1.6 

+0.050 

Side  Force,  lb 

10 

4 

+1.0 

+0.025 

Yawing  Moment,*  in. -lb 

20 

10 

+0.6 

+0.050 

Rolling  Moment,  in. -lb 

2.25 

0.9 

+0.45 

+0.006 

Axial  Force,  lb 

6 

3 

0-1.5 

+0.015 

* About  balance  forward  moment  bridge. 
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Absolute  Uncertainty 

Near  Balance  Minimum  Load,  +  ,  (Body  Axes) 


M 

00 

Sn 

c 

n 

C_t 

fA 

1.51 

0.010 

0.028 

0.010 

0.028 

0.006 

0.016 

0.006 

2.01 

0.010 

0.028 

0.010 

0.028 

0.006 

0.016 

0.006 

2.50 

0.010 

0.028 

0.010 

0.028 

0.006 

0.016 

0.006 

V41A-L5A 


PWT  Balance  Number  6-.40-.010-.40M4 


Component 

Balance 

Design 

Loads 

Calibration 
Load  Range 

Range  of 
Check 
Loads 

Measurement 

Uncertainty 

Normal  Force ,  lb 

10 

4 

+2.5 

+0.050 

Pitching  Moment,*  in. -lb 

20 

10 

+1.6 

+0.100 

Side  Force,  lb 

10 

4 

+1.0 

+0.050 

Yawing  Moment.*  in. -lb 

20 

10 

+0.6 

+0.100 

Rolling  Moment,  in. -lb 

2.25 

0.9 

+0.45 

+0.011 

Axial  Force,  lb 

6 

3 

0-1.5 

+0.03 

* 

About  balance  forward  moment  bridge. 


Uncertainty  (+)  at  Maximum 
Measured  Coefficient  Value,  Percent  (Body  Axes) 


M 

CO 

fm 

°JL 

S, 

fA 

2.00 

0.48 

0.42 

1.3 

1.2 

— 

1.3 

0.52 

2.50 

0.50 

0.45 

2.0 

1.2 

— 

1.0 

0.60 

^Because  of  the  low  loads,  use  the  "Absolute  Uncertainty"  value 
on  the  following  page. 


Absolute  Uncertainty 

Near  Balance  Minimum  Load,  +,  (Body  Axes) 


M 

CO 

S 

Sn 

C_Y 

C 

n 

C_t 

fA 

fAt 

2.00 

0.0012 

0.013 

0.0012 

0.0057 

0.0028 

0.0043 

0.0019 

2.50 

0.0013 

0.010 

0.0013 

0.0059 

0.0030 

0.0034 

0.0021 

V41A-M9A 


PWT  Balance  Number  6-.4-.020-.4M"C" 


Component 


Balance 

Design  Calibration 
Loads  Load  Range 


Range  of 

Check  Measurement 
Loads  Uncertainty 


Normal  Force,  lb  20 
Pitching  Moment,  in. -lb  40 
Side  Force,  lb  20 
Yawing  Moment,*  in. -lb  40 
Rolling  Moment,  in. -lb  6 
Axial  Force,  lb  6 


20 

+8.0 

+0.05 

40 

+0.45 

+0.08 

20 

+3.0 

+0 . 05 

40 

+0.16 

+0.08 

6 

+0.5 

+0.02 

6 

0-5.0 

+0.03 

* 

About  balance  forward  moment  bridge. 


Uncertainty 

Measured  Coefficient  Value,  +  Percent 


1.63  0.71  0.86  1.00  1.10  1.15  2.94 
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1.63  0.014 


Repeatability  (+) 

Measured  Coefficient  Value 

C  C  C  C. 

m  Y  n  Z 

0.031  0.014  0.031  0.008 


0.009 


_A 

0.010 


V41A-T9A 

PWT  Balance  Number  6- . 4- . 020- . 4M"C” 


Balance 

Design 

Loads 


Component 
Normal  Force ,  lb 

* 

Pitching  Moment,  in. -lb 
Side  Force,  lb 

it 

Yawing  Moment,  in. -lb 
Rolling  Moment,  in. -lb 
Axial  Force,  lb 


k About  balance  forward  moment  bridge. 


Calibration 
Load  Range 


Range  of 
Check 
Loads 

+10.0 
+10.0 
+  5.0 
+5.0 
+0.5 
0-5.0 


Uncertainty 

Measured  Coefficient  Value,  +  Percent 


M® 

S 

Sn 

fy 

^n 

CAt 

1.51 

0.45 

1.00 

0.46 

1.10 

2.31 

2.00 

0.95 

1.35 

0.95 

1.35 

2.84 

Measurement 

Uncertainty 


+0.05 

+0.10 

+0.05 

+0.10 

+0.02 

+0.06 


4.85 

4.18 


Repeatability  (+) 
Measured  Coefficient  Value 


_N 

0.019 


m 

0.068 


_Y 

0.019 


n 

0.068 


-L 

0.010 


CAt 

0.022 


_A 

0.023 
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V41A-V6A 


for-”" 


VKF  Balance  Number  4. 00-Y-36-064 


Component 


Normal  Force,  lb 
Pitching  Moment,*  in. -lb 
Side  Force,  lb 

* 

Yawing  Moment,  in. -lb 
Rolling  Moment,  in. -lb 
Axial  Force,  lb 


Balance 

Design 

Loads 

Calibration 
Load  Range 

Range  of 
Check 
Loads 

Measurement 

Uncertainty 

25 

25 

+20.0 

+0.06 

52 

52 

+20.0 

+0.13 

25 

25 

+16.0 

+0.06 

52 

52 

+32.0 

+0.13 

8 

8 

+6.0 

+0.02 

8 

8 

0-5.0 

+0.04 

About  balance  forward  moment  bridge. 


Maximum  Coefficient  Uncertainty,  +  Percent 


M 

00 

Model 

Si 

Sn 

Si 

CAt 

2a 

1.51 

SE 

0.48 

1.13 

0.61 

1.26 

0.95 

4.65 

1.51 

STOC 

0.51 

1.11 

0.54 

1.14 

1.60 

4.36 

1.63 

SCOC 

1.40 

2.62 

1.90 

3.39 

2.53 

5.05 

2.00 

SE 

0.97 

1.45 

1.04 

1.70 

1.36 

3.15 

Repeatability  (+) 
Measured  Coefficient  Value 


Store 

Model 


Si 

Sn 

Si 

C_t 

1  o 

\> 

rt 

Si 

0.023 

0.045 

0.023 

0.045 

0.007 

0.007 

0.008 

0.046 

0.157 

0.046 

0.157 

0.019 

0.015 

0.016 

44 


I 


7.3  Force  and  Moment  Test  Data  Retrieval 

All  the  force  and  moment  data  for  the  five  tunnel  entries  have 
been  collected  and  stored  on  a  magnetic  tape.  The  data  have  been 
written  on  the  tape  in  a  standardized  format  so  that  one  program 
could  be  written  to  retrieve  data  from  all  five  entries.  This 
necessitated  filling  the  space  normally  occupied  by  valid  data 
with  dummy  values  when  data  for  a  given  entry  were  unavailable  or 
did  not  apply  to  configurations  tested  during  a  particular  entry. 
These  values  have  been  set  equal  to  zero.  The  values  for  PARENT 
CONFIG,  STORE  CONFIG,  LP,  and  PB(2)  are  only  meaningful  for  the 
T9A  and  V6A  entries.  Consequently  these  values  have  been  set  to 
zero  for  the  B4A,  L5A,  and  M9A  entries. 

7.3.1  Use  of  the  computer  program 

A  listing  of  the  computer  program  used  in  retrieval  of  force 
data  is  given  in  Appendix  E.  The  input  to  the  program  consists 
of  two  cards  both  read  under  1615  format.  The  first  card  contains 
two  values  in  the  first  two  fields  of  5  characters.  The  first 
value  is  the  number  of  groups  of  data  to  be  retrieved.  This 
value  is  limited  to  less  than  17  solely  because  of  the  dimensioning 
of  variable  D  in  the  program.  The  second  value  on  the  first  card 
is  an  integer  designating  which  entry  the  data  to  be  retrieved  is 
from  (1  *  B4A,  2  =  L5A,  3  =  M9A ,  4  *  T9A ,  5  -  V6A) .  The  second 
card  .contains  the  group  numbers  of  the  data  to  be  retrieved.  This 
information  is  obtained  from  the  tables  described  in  Section  7.1. 

The  tape  upon  which  the  data  are  written  is  a  multi-file  tape. 
The  file  number  corresponds  to  the  integer  designation  of  the 
entry,  i.e.,  the  second  value  on  the  first  card  of  input  to  the 
retrieval  program.  In  order  to  get  the  proper  data,  the  tape  must 
be  positioned  at  the  beginning  of  the  file  that  contains  the  data 
for  the  entry  in  question;  e.g.,  to  retrieve  data  from  M9A  the 
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first  two  files  on  the  tape  must  be  skipped  and  the  tape  must  be 
positioned  at  the  beginning  of  the  third  file  on  the  data  tape. 

7.3.2  Description  of  tabulated  data 

There  is  one  page  of  output  for  each  group  of  data.  Samples  for 
the  five  tunnel  entries  are  presented  in  Appendix  E  following 
the  program  listing.  The  first  line  of  output  identifies  the  type 
of  data,  in  this  case  force;  the  AEDC  entry  code,  e.g.,  V41A-B4A; 
the  time  period  during  which  the  data  were  taken;  and  the  AEDC 
document  which  is  pertinent  to  the  test,  e .g .,  AEDC-TSR-78-V2. 

The  second  line  lists  the  group  number,  the  tunnel  operating 
conditions,  and  the  store  roll  relative  to  the  reference  position. 
The  third  line  specifies  the  parent  configuration  and  its  angle  of 
attack.  The  last  line'  of  heading  information  lists  the  store 
configuration  and  the  duct  plug  position,  LP.  LP  =  *****  indicates 
that  the  inlets  were  not  on  the  parent  model  for  this  group  of  data. 

After  the  four  lines  of  heading  information,  the  data  are 
tabulated.  The  store  coordinate  system  and  the  positive  sense  of 
the  forces  and  moments  measured  in  this  coordinate  system  are  shown 
in  Figure  21.  As  the  store  pitches,  yaws,  and  rolls,  the  coordinate 
system  moves  with  the  store. 

The  nomenclature  used  in  the  tabulated  output  is  contained  in 
the  followng  table. 

2 

AB  Store  model  base  area  (0.4418  in  for  stores 

2 

with  circular  cross  sections,  0.884  in  for 
stores  with  elliptical  cross  sections) 

Store  model  angle  of  attack,  positive  is  nose 
up  as  seen  by  the  pilot  or  in  the  free-stream 
nose  to  the  top  of  the  tunnel,  deg 
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w 


ijr-",*2-  . . - 


ALPHA (PAR) 


CA,  cA 


C  LL ,  C g 


CLM ,  C 


CLM/CN,  Cm/C N 


CLN,  C 


CN,  C, 


CY,  C, 


Parent  model  angle  of  attack,  positive  is  nose 
up  as  seen  by  the  pilot,  deg 

Axial-force  coefficient  corrected  for  base 
pressure,  CAT  +  CPB  •  AB/S 

Axial-force  coefficient  uncorrected  for  base 
pressure,  uncorrected  axial  force/(Q8  •  S) 


Rolling-moment  coefficient,  rolling  moment/ 
(Q8  •  S  •  L) 


Pitching-moment  coefficient,  pitching  moment/ 
(Q8  •  S  •  L) 

Pitching-moment  coefficient  divided  by  normal- 
force  coefficient;  center  of  pressure  location 
from  model  moment  reference  point  normalized 
by  L 


Yawing-moment  coefficient,  yawing  moment/ 

(Q8  •  S  •  L) 

Normal-force  coefficient,  normal  force/(Q8  •  S) 

Base-pressure  coefficient,  (PB/P8  -  1.0)  •  P8/Q8 

Side-force  coefficient,  side  force/(Q8  •  S) 

Longitudinal  separation  distance  from  the  store’ 
carriage  position,  positive  is  upstream,  in. 

Lateral  separation  distance  from  the  store 
carriage  position,  positive  is  right  as  seen 
by  the  pilot,  in. 


V 


m* 


DZ 


GROUP 

L  ,1 

LP 

MACH 

PARENT  CONFIG 

PB(1,2)/P8 

PO 

PREF 

P8 

08 

RE/FT*10**6 

ROLL 


Vertical  separation  distance  from  the  store 
carriage  position,  positive  is  down  as  seen  by 
the  pilot,  in. 

Number  associated  with  a  group  of  data  points 
that  have  one  position  variable  with  all 
others  remaining  constant 

Moment  coefficient  reference  length  ( t  -  0.75 
in.  for  ogive-cylinder  models,  i  -  1.061  in. 
for  elliptical  models) 

Inlet  plug  position  measured  from  the  fully 
closed  position,  in. 

Free-stream  Mach  number 

Parent  model  configuration  nomenclature 

Ratio  of  base  pressure  to  free-stream  static 
pressure 

Tunnel  stilling  chamber  pressure,  psia 

Reference  pressure  for  the  base  pressure 
transducer,  psia 

Free-stream  static  pressure,  psia 
Free-stream  dynamic  pressure,  psia  , 

Free-stream  Reynolds  number  x 10“6,  ft-1 
Store  model  roll  angle,  deg 
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Force  and  moment  coefficient  reference  area, 

2  2 

store  cross-section  area,  in  (S  -  0.4418  in 
for  ogive-cylinder  models,  S  =  0.884  in2  for 
elliptical  models) 

STORE  CONFIG  Store  model  configuration  nomenclature 

TO  Tunnel  stilling  chamber  temperature,  °R 

T8  Free-stream  static  temperature,  °R 

V8  Free-stream  velocity,  ft/sec 

XT  Longitudinal  tunnel  station,  positive  is 

upstream,  in.  Zero  is  7.0  in.  upstream 
of  Pin  A 

YAW,  Store  model  yaw  angle,  positive  is  nose  right 

as  seen  by  the  pilot  or  when  in  the  free-stream 
nose  to  the  right,  looking  upstream,  deg 

YT  Lateral  tunnel  station,  positive  is  right 

looking  upstream,  in.  Zero  when  on  tunnel 
longitudinal  centerline 

ZT  Vertical  tunnel  station,  positive  is  down,  in. 

Zero  when  on  tunnel  longitudinal  centerline 

8.  TRAJECTORY  TESTS 

The  trajectory  phase  of  the  test  program  consisted  of  obtain¬ 
ing  simulated  full-scale  store  separation  trajectories  using  the 
CTS  trajectory  mode  which  is  described  in  Section  2.2.2  of  Reference 
7.  All  trajectories  were  run  assuming  a  scale  factor  of  20  between 


the  full  scale  aircraft  and  the  wind-tunnel  model,  i.e.,  the  full 
scale  aircraft  and  store  are  twenty  times  larger  than  the  wind- 
tunnel  model. 

All  trajectories  were  run  at  a  simulated  altitude  of  40,000  feet. 
This  was  accomplished  by  using  a  standard  atmosphere  table  to  deter¬ 
mine  the  air  density  and  speed  of  sound  at  40,000  ft.  This  sound 
speed  and  the  Mach  number  in  the  wind  tunnel  were  used  to  determine 
the  aircraft  velocity  at  40,000  ft.  This  calculated  velocity  plus 
appropriate  components  of  the  store  velocity  relative  to  the  aircraft, 
the  density  at  altitude,  and  the  full  scale  reference  area  and  length 
vere  used  to  dimensional ize  the  wind  tunnel  measured  force  and  moment 
coefficients  for  use  in  the  equations  of  motion.  Twelve  parent  air¬ 
craft  configurations  in  conjunction  with  the  five  store  models  were 
used  in  this  phase  of  the  testing.  A  few  trajectories  were  run  with¬ 
out  a  parent  model  being  in  the  wind  tunnel. 

For  all  trajectories,  the  aerodynamic  damping  coefficients  in 
the  equations  of  motion  were  set  to  zero.  Also,  for  all  trajectories 
the  plunge  option  was  used.  This  option  is  discussed  in  Section 
2.2.3  of  Reference  7  and  includes  the  store  translational  velocities 
in  the  CTS  angle  settings  when  measuring  forces  and  moments. 

Onl  trajectory  data  taken  during  the  last  two  tunnel  entries  (T9A 
and  V6A)  are  recorded  on  the  data  tape.  Some  trajectory  data  were 
taken  during  earlier  entries  but  those  data  were  used  for  validating 
the  CTS  trajectory  mode  in  tunnel  A.  The  quality  of  this  earlier 
data  cannot  be  assured.  The  stores  used  are  the  same  as  those  used 
in  the  force  and  moment  tests  and  are  shown  in  Figures  22  and  23. 

The  orientations  of  the  finned  stores  on  the  balance  in  the  carriage 
or  initial  position  are  the  same  as  described  in  Section  7. 
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8.1  Summary  of  Tests 


The  trajectory  tests  are  summarized  in  Table  LXI.  Column  1 
lists  the  store  tested  and  column  2  gives  the  table  number  where  the 
parent  aircraft  configurations  used  with  that  store  are  listed  as 
are  the  test  conditions. 

The  trajectories  obtained  for  the  various  stores  are  listed  in 
Tables  LXII  through  LXVI.  The  first  item  listed  is  the  parent  con¬ 
figuration  (the  model  nomenclature  was  presented  in  Section  3.3). 

The  next  column  gives  the  parent  aircraft  free-stream  Mach  number, 

M  .  Column  5  lists  the  parent  aircraft  angle  of  attack,  a^.  At  the 
beginning  of  a  trajectory  the  store  is  at  the  same  angle  of  attack 
relative  to  the  free  stream  and  at  0°  yaw  and  roll. 

Column  6  lists  the  type  of  start,  launch,  L,  or  post-launch,  PL. 
For  launch  trajectories  the  store  is  in  the  position  listed  in 
Table  LXVII  at  zero  velocity  relative  to  the  parent  aircraft.  For 
post-launch,  PL,  trajectories  the  store  is  located  0.24  feet  full 
scale  (0.144  inches  model  scale)  below  the  initial  position  and  has 
an  initial  downward  velocity  of  6.7053  feet  per  second.  The  tra¬ 
jectory  starts  at  time,  t,  equal  to  0.075  seconds. 

Columns  7  and  8  are  associated  with  the  ejector  force  used  for 
launch  trajectories.  The  ejector  has  one  foot  which  strikes  the 
store  at  XL-^.  This  position  is  measured  relative  to  the  full  scale 
store  moment  center  (moment  reference  location)  and  is  positive 
forward  of  this  point.  Two  ejector  forces  were  used  and  are  desig¬ 
nated  "A"  and  "B".  They  are  shown  graphically  in  Figure  24  and 
specified  by  the  following  equations  for  the  time  interval  from  0.0 
to  0.075  seconds. 
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"A"  F  =  1.41448  x  105t  +  2.68614  x  106t2 
-2.2209  x  108t3  +  3.52968  x  109t4 
-1.70086  x  1010  t5,  LBS 

"B"  F  =  1,200  LBS 

Column  9  indicates  whether  store  rolling  motion  was  included 
in  the  equations  of  motion.  For  all  trajectories  the  balance  was 
measuring  the  store  rolling  moment.  A  "No"  in  column  9  indicates  it 
was  set  to  zero  in  the  equations  of  motion. 

Column  10  lists  the  CTS  zero  point  (reference  point)  from  which 
the  trajectory  was  started.  The  zero  points  are  listed  in  Table 
LX VI I .  Column  1  lists  the  zero  point  number  and  column  2  defines 
the  store  location.  The  last  column  gives  the  coordinates,  in 
model  scale,  of  the  store  moment  reference  point  (moment  center)  at 
the  beginning  of  a  launch  trajectory  in  the  Xp,  Yp,  Zp  coordinate 
system  shown  in  Figure  18.  For  post-launch  trajectories,  the  values 
of  Zp  should  be  increased  by  0.144. 

Column  11  in  Tables  LXII  through  LXVI  specifies  a  trajectory 
code.  The  various  codes  are  listed  in  Table  LXVIII  and  specify  the 
full-scale  store  mass  and  inertia  characteristics  used  in  the 
equations  of  motion.  The  last  two  columns  of  the  trajectory  data 
tables  list  the  AEDC  test  number  and  the  group  number  which  contains 
the  trajectory  data.  These  columns  provide  the  input  data  to  the 
data  retrieval  computer  program. 

8.2  Data  Uncertainties 

Data  uncertainties  associated  with  the  trajectory  tests  are  of 
three  types;  test  conditions,  CTS  attitude  and  position,  and  aero¬ 
dynamic  coefficients.  These  were  discussed  in  Sections  4,  3.2,  and 
7.2,  respectively.  No  attempts  have  been  made  to  define  an  uncer- 
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tainty  in  store  attitude  and  position  at  a  specific  point  in  a 
trajectory. 

8.3  Trajectory  Test  Data  Retrieval 

All  of  the  trajectory  data  obtained  during  tunnel  entries  T9A 
and  V6A  have  been  written  on  a  magnetic  tape.  The  data  have  been 
written  in  a  standardized  format  so  that  one  computer  program  could 
be  written  to  retrieve  the  data. 

8.3.1  Use  of  the  computer  program 

A  listing  of  the  computer  program  used  to  retrieve  the  trajectory 
data  is  continued  in  Appendix  P.  The  input  to  the  program  consists 
of  two  cards  both  read  under  1615  format.  The  first  card  requires 
two  values  to  be  entered  in  the  first  two  fields  of  5  characters. 

The  first  value  is  the  number  of  groups  of  data  to  be  retrieved. 

This  value  is  limited  to  less  than  17  solely  because  of  dimensioning 
of  the  variable  D  in  the  retrieval  program.  The  second  value  on  the 
first  card  is  an  integer  designating  which  entry  the  data  to  be 
retrieved  is  from  (4  =  T9A,  5  =  V6A) .  The  second  card  contains  the 
group  numbers  of  the  data  to  be  retrieved.  This  information  is 
obtained  from  the  tables  described  in  Section  8.1. 

The  tape  upon  which  the  data  is  written  is  a  multi-file  tape. 

The  first  file  has  the  data  from  T9A  and  the  second  file  contains 
the  data  from  V6A.  In  order  to  get  the  proper  data  the  tape  must 
be  positioned  at  the  beginning  of  the  file  that  contains  the  data 
for  the  entry  of  interest. 

8.3.2  Description  of  tabulated  data 

The  number  of  pages  of  output  for  a  trajectory  varies  depending 
on  the  length  of  the  trajectory.  Sample  output  is  presented  in 


i  Appendix  F  following  the  program  listing.  The  first  line  on  each 

|  page  of  data  identifies  the  type  of  data,  the  entry  number,  the 

|  time  period  of  the  entry,  and  the  AEDC  document  that  pertains  to 

that  entry.  The  second  line  gives  the  group  number  and  page  number. 
|  The  page  number  is  relative  to  the  beginning  of  the  particlar  group 

-  of  data,  i.e.,  trajectory.  The  third  line  provides  tunnel  operating 


conditions  and  the  simulated  free-stream  velocity  and  density.  The 


fourth  line  provides  the  parent  aircraft  configuration  and  angle  of 
attack  in  degrees.  The  fifth  line  tells  the  store  configuration  and 
the  inlet  plug  position.  These  first  five  lines  are  repeated  for 


each  page  of  a  given  group  of  data.  Following  the  five  lines  of 
heading  information  16  trajectory  variables  are  tabulated  as  a 
function  of  time. 

The  nomenclature  used  in  the  tabulated  output  is  contained  in 
the  following  table.  The  parent  aircraft  coordinate  system  is  shown 
in  Figure  18  and  the  store  coordinate  system  is  shown  in  Figure  21. 

ALPHAK  Plunging  pitch  angle  due  to  store  vertical  motion, 

positive  is  nose  up  as  seen  by  the  pilot,  deg 

ALPHAP  Current  value  in  the  integration  loop  of  the 

angle  of  attack  of  the  store  body  axes, 
positive  is  nose  up  as  seen  by  the  pilot,  deg 

ALPHA(PAR)  Parent  model  angle  of  attack,  positive  is  nose  up 

as  seen  by  the  pilot,  deg 

CAT,  CA  Total  axial-force  coefficient,  total  axial  force/ 

t  (Q8  •  S) 

CLL,  C^  Rolling-moment  coefficient,  rolling  moment/ 

(Q8  •  S  •  L) 
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CLM,  C 

m 


CLN , 


n 


CY,  Cy 
GROUP 
L,  l 


LP 

MACH 


Pitching-moment  coefficient,  pitching  moment/ 

(Q8  •  S  •  L) 

Yawing-moment  coefficient,  yawing  moment/ 

(Q8  •  S  *  L) 

Normal-force  coefficient,  normal  force/(Q8  •  S) 

Side-force  coefficient,  side  force/(Q8  •  S) 

Number  associated  with  a  trajectory 

Moment  coefficient  reference  length,  store  diameter 
(in  model  scale,  £  =  0.75  in.  for  ogive-cylinder 
models,  l  =  1.061  in.  for  elliptical  model) 

Inlet  plug  position  measured  from  fully  closed,  in. 

Free-stream  Mach  number 


PARENT  CONFIG  Parent  model  configuration  nomenclature 

PHI  Current  value  in  the  integration  loop  of  the  roll 

angle  of  the  store  body  axes  from  the  orientation 
at  the  carriage  position,  positive  is  clockwise 
(looking  upstream),  deg 

PO  Tunnel  stilling  chamber  pressure,  psia 

P8  Tunnel  free-stream  static  pressure,  psia 

QS  Dynamic  pressure  that  the  store  sees  at  the 

simulated  altitude,  psfa 

08  Tunnel  free-stream  dynamic  pressure,  psia 
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RE/FT*10**6 

RHOS 

S 

STORE  CONFIG 

TIME 

TO 

TRAJECTORY 

CODE 

T8 

VA 

VS 

V8 

X 


.•  — - •  ,  —•  -vi—  ••  •  1*1': -r* 


Tunnel  free-stream  Reynolds  number x lO” 6 ,  ft-1 

Density  at  the  altitude  being  Simula  ted ,  slugs/ft3 

Force  and  moment  coefficient  reference  area,  store 
cross-section  area  (in  model  scale,  S  *  0.4418  in.2 
for  ogive-cylinder  models,  S  =  0.884  in.  for 
elliptical  model 

Store  model  configuration  nomenclature 
Trajectory  integration  time,  sec 
Tunnel  stilling  chamber  temperature,  °R 
Number  associated  with  Table  LXVIII 


Tunnel  free-stream  static  temperature,  °R 

Velocity  of  parent  aircraft  at  the  altitude  being 
simulated,  ft/sec 

Velocity  of  the  store  at  the  altitude  being 
simulated,  ft/sec 

Tunnel  free-stream  velocity,  ft/sec 

Current  value  in  the  integration  loop  of  the  full 
scale  Xp  displacement  of  the  full  scale  store  moment 
center  from  the  carriage  position  in  the  parent  axes, 
positive  is  upstream,  ft 
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Y  Current  value  in  the  integration  loop  of  the  full 

scale  Yp  displacement  of  the  full  scale  Store  moment 
center  from  the  carriage  position  in  the  parent  axes, 
positive  is  to  the  right  as  seen  by  the  pilot,  ft 

YAWK  Plunging  yaw  angle  due  to  store  lateral  motion, 

positive  is  nose  right  as  seen  by  the  pilot,  deg 

YAW2P  Current  value  in  the  integration  loop  of  the  yaw 

angle  of  the  store  body  axes  from  the  orientation 
at  the  carriage  position,  positive  is  nose  right  as 
seen  by  the  pilot,  deg 

Z  Current  value  in  the  integration  loop  of  the  full 

scale  Zp  displacement  of  the  full  scale  store  moment 
center  from  the  carriage  position  in  the  parent  axes, 
positive  is  down  as  seen  by  the  pilot,  ft 
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-  Artist ’ s  conception  of  the  VKF/CTS 
installed  in  Tunnel  A. 


NACA  65A006 


Figure  2.-  Configuration  N  B2W. 


6 


-  Noncircular  nose 


Figure  5.-  Nonc.ircular  fuselage  adapter, 


Figure  5.-  Concluded 


Throat  r~  To  match  wing  contour 


Concluded. 


Concluded 


Figure  9.-  Ogive-cylinder  force  and  moment  store  in  the  carriage 
position  at  the  fuselage  centerline,  1/3  semispan,  and 
2/3  semispan  pylon  stations. 


0.250 

T 


Figure  12.-  Triple  ejection  rack, 


Fairing  location  on  parent  aircraft 


Figure  18.-  Wing-body  (parent  aircraft) 
system  showing  positive  directions 
of  axes  and  velocities. 
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Figure  20.-  Elliptic  pressure  distribution  models. 


Figure 


Figure  24.-  Simulated  ejector  force  curves 


TABLE  I 

SUMMARY  OF  FLOW  FIELD 
SURVEY  DATA 


Parent  Aircraft 
Configuration 

Test  Conditions 

Table  Number 

N1B1 

II 

N1B2W 

III 

«!B2W<P2>= 

IV 

NlB2W(P2>l/3 

V 

NlB2W(P3>l/3 

VI 

NlB2W(P2>2/3 

VII 

NlB2W<P2>l/3SDOC 

VIII 

N1B2W<P2>1/3T 

IX 

N1B2W(P2) 1/3T  SDOC2SDOC3 

X 

N3B1A3 

XI 

N3B2WA3 

XII 

N3B2WA3(P2>c 

XIII 

N3B2WA3(P3»l/3 

XIV 

n3b2wa3f 

XV 

N3B2WA4 

XVI 

N3B2WA4(P2>c 

XVII 

N3B2MA4(P3>l/3 

XVIII 

N3B2WA4F 

XIX 

N3B2WA5 

XX 

N3B2HA5|P2>c 

XXI 

N3B2WA5  ^P3^ 1/3 

XXII 

n3b2wa5f 

XXIII 

88 


TABLE  II 

FLOW  FIELD  SURVEY  DATA  - 


89 


8 


GROUP 

NO. 


223 


223 


224 


174 


175 


164 


54&55 


165 


167 


166 


187 


251 


245 


252 


246 


247 


248 


249 


250 


251 


252 


253 


231 


78&79 


2 


3 


S 


6 


e 


TABLE  IV  (Concluded) 


1 

2 

3 

4 

5 

6 

7 

e 

M 

00 

a 

XP 

RANGE 

YP 

ZP 

*P 

TEST 

NO. 

GROUP 

NO. 

2.0 

5.0 

-16,-24 

-0.5 

3.58 

- 

B4A 

250 

— 

-17,-26 

-1.0 

2.87 

M9A 

243 

' 

f 

- 

-17,-26 

-1.0 

3.62 

M9A 

244 

[  2.5 

0.0 

-16,-24 

0.5 

2.83 

B4A 

29 

0.5 

3.58 

30 

0.0 

2.83 

32 

0.0 

3.58 

a 

31 

-0.5 

2.83 

a 

33 

1 

-0.5 

3.58 

34 

5.0 

0.5 

2.83 

253 

0 .  & 

mm 

a 

254 

0.0 

2.83 

S 

■  a 

256 

0.0 

3.58 

255 

-0.5 

2.83 

257 

r 

; _ 

_ ] 

r 

-0.5 

3.58 

_ i 

258 

9 


101 


di 


TABLE  XIII 


FLOW  FIELD  SURVEY  DATA  -  N^WAjtPj^ 


1 

3 

3 

4 

5 

6 

7 

a 

M. 

a 

*P 

ZP 

*P 

TEST 

NO. 

GROUP 

NO. 

1.5 

0.0 _ 

era 

WFT: 

0.0 

mwm 

_ 

—MS 

IA _ 

56 

0.0 

3.62 

57 

_ 

-1.0 

2.87 

58 

-1.0 

3.62 

59 

5.0 _ 

0.0 

2.87 

174 

0.0 

3.62 

175 

-1.0 

2.87 

176 

-1.0 

3.62 

177 

rur 

0.0 

2.87 

260 

0.0 

3.62 

261 

-1.0 

2.67 

262 

_ 

-1.0 

3.62 

1 _ 

r _ 

263 

TABLE  XIV 


FLOW  FIELD  SURVEY  DATA  -  N3B2WA3 ^3' 1/3 


1 

1  2 

3 

4 

s 

6 

7 

8 

Bj 

B 

zp 

*P 

TEST 

NO. 

GROUP 

NO. 

1 

.5 

0^0 _ 

-17 

F25 

-3.5 

■K9 

— 

B!E> 

!V1 

_ _ 

-3.5 

2.12 

47 

-4.0 

1.37 

_ 

50  &  51 

-4.0 

2.12 

52  &  53 

1.37 

_ *8 _ 

Ena 

2.12 

49 

5.0 

-3.5 

1.37 

196 

-3.5 

2.12 

_122 _ 

-4.0 

1.37 

192&193 

-4.0 

im 

s mm 

1.37 

198 

rasa 

2.12 

199 

nr 0 

-3.5 

1.37 

282 

-3.5 

2.12 

283 

-4.0 

1.37 

278&279 

-4.0 

2.12 

-4.75 

1.37 

284 

r _ 

Bsaa 

2.12 

f _ 

' 

285 

TABLE  XV 


FLOW  FIELD  SURVEY  DATA  -  N-^WA-jF 


••■>**/  y  ■ 


•  j.  ■  w  V'rsrJfPv.*-*?. 


TABLE  XVI  (Concluded) 


3 

4 

s 

6 

7 

e 

yp 

2P 

*P 

TEST 

NO. 

GROUP 

NO. 

2.12 

1.37 

2.12 


0.8 


.  ■  i «*«  '  4  Wtf] 


TABLE  XVII 

FLOW  FIELD  SURVEY  DATA  -  N,B.fn.  (P-)  . 

3  2  4  2  C 


1 

2 

3 

4 

5 

6 

7 

6 

Moo 

a 

xp 

RANGE 

YP 

ZP 

*P 

TEST 

NO. 

GROUP 

NO. 

1.5 

0.0 

-14. 

-24 

0.0 

2.87 

0.81 

T9A 

137 

0.0 

3.62 

138 

-1.0 

2.87 

139 

' 

-1.0 

3.62 

140 

5.0 

0.0 

2.87 

19 

0.0 

3.62 

20 

-1.0 

2.87 

21 

' 

■ 

-1.0 

3.62 

f 

22 

TABLE  XVIII 

FLOW  FIELD  SURVEY  DATA  -  N3B2WA4  (P-j)  1/3 


1 

2 

3 

4 

5 

6 

7 

e 

M 

X 

P 

Y 

7 

0 

TEST 

GROUP 

30 

RANGE 

Yp 

zp 

p 

NO. 

NO. 

1 

.5 

0 

.0 

-15 

-28 

-3.5 

1.37 

0 

.81 

T9A 

129 

-3.5 

2.12 

130 

-4.0 

1.37 

131&133 

1 

-4.0 

2.12 

5 

.0 

-3.5 

1.37 

10 

-3.5 

2.12 

14 

-4.0 

■wni 

■j 

15  &  17 

-4.0 

mwm 

■ 

16  &  18 

CJtXl 

1.37 

12 

t 

r 

EHri-l 

mwm 

' 

r 

_ U _ 

9 


TABLE  XX  (Concluded) 


3 

_ 

s 

6 

7 

8 

X 

P 

TEST 

GROUP 

RANGE 

P 

zp 

p 

NO. 

NO. 

zl±. 

-24 

0.0 

2.30 

0. 

81 

V6A 

176 

2.60 

182 

2.87 

_ 

- 

185 

2.87 

T9A 

83 

_ 

-19 

,-24 

3,25 

V6A 

186 

-14 

.-24 

3.62 

T9A 

88 

-0. 

5 

2.30 

V6A 

177 

2.60 

183 

r 

2.87 

184  ! 

-19 

-24 

' 

3.25 

187 

1  A 

-24 

-1. 

A 

V 

2.30 

i  no 

A  (  O 

2.60 

194 

< 

2.87 

T9A 

84 

-19 

-24 

3.25 

V6A 

188 

-14, 

-24 

r 

3.62 

T9A 

87 

-1. 

75 

2.30 

V6A 

179 

' 

2.87 

T9A 

85 

-19, 

-24 

-  - 

3.25 

V6A 

189 

-14, 

-24 

3.62 

T9A 

86 

-14, 

-26 

-2, 

5 

2.30 

V6A 

180 

-14 

-26 

2.87 

T9A 

.  89 

-19 

-26 

3.25 

V6A 

190 

-1.4. 

-26 

r 

3.62 

T9A 

90 

-3. 

0 

2.30 

V6A 

181 

2.87 

192 

-19, 

-26 

- 

3.25 

' 

_191 _ 

-14, 

-26 

-3. 

5 

1.37 

T9A 

93 

-14, 

-26 

-3. 

5 

2.12 

94 

-15, 

-28 

-4. 

0 

1.37 

95 

-15 

-28 

-4. 

0 

2.12 

96 

-35 

-9, 

Q _ 

1.37 

97 

-19. 

-3Q 

-8. 

0.. ... 

2.12 

98 

TABLE  XXIII 

PLOW  FIELD  SURVEY  DATA  -  N^WAgF 


1 

2 

3 

4 

5 

6 

7 

e 

a 

xp 

RANGE 

YP 

ZP 

ZP 

TEST 

NO. 

GROUP 

NO. 

2-0 

0.0 

-19 

-25 

0.0 

2.30 

0.81 

V6A 

244 

2.60 

247 

2.87 

252 

3.25 

253 

-0.5 

2.30 

245 

2.60 

248 

2.87 

251 

' 

, 

3.25 

254 

-1.0 

2.30 

246 

2.60 

249 

2.87 

250 

r 

1 

_ 

3.25 

257 

B BE 

-1.75 

2.30 

259 

B£IB£I 

-1.75 

2.87 

■1 

261 

B3C m 

-4.0 

1.37 

s 

263 

5f 

0 

-19 

.-25 

0.0 

2.30 

m 

201 

2.60 

m 

204 

2.87 

209 

f  . 

3.25 

210 

-0.5 _ 

2.30 

202 

2.60 

205 

2.87 

208 

_ 1 

i 

3.25 

211 

_  . 

-1.0 

2.30 

203 

2.60 

206 

2.87 

207 

_ 

i 

3.25 

■ 

■ 

212 

mam 

2.30 

m 

mm 

■ 

214 

BHBE 

-1.75 

2.87 

m 

m 

216 

BUB£j 

-4.0 

1.37 

' 

m 

218 

114 


TABLE  XXIV 


SUMMARY  OF  PRESSURE  DISTRIBUTION 
DATA  ON  STORE  Sp 


Parent  Aircraft 
Configuration 

Test  Conditions 
Table  Number 

None 

XXV 

N,B„W 

XXVI 

J.  4 

N1B2W(P2>c 

XXVII 

NlB2W,P2>l/3 

XXVIII 

MlB2W(P3>l/3 

XXIX 

«1BwW(P2»2/3 

XXX 

N1B2W(P2)1/,3T 

XXXI 

N1B2W(P2) l/3TSDOC2SDOC3 

XXXII 

N3B2WA3 

XXXIII 

n3b2wa4 

XXXIV 

n3b2wa4(p3)1/3 

XXXV 

N3B2WA5 

XXXVI 

n3B2WA5  <*3h/3 

XXXVII 

l9 


TABLE  XXVIII 

Sp  PRESSURE  DISTRIBUTION  DATA  -  N1B2w(P2,l/3 


TABLE  XXXVIII 

SUMMARY  OF  PRESSURE  DISTRIBUTION 

DATA  ON  STORE  S-^ 

EP 


Parent  Aircraft 
Configuration 

Test  Conditions 
Table  Number 

None 

XXXIX 

HlB2M(P2>c 

XL 

NlB2W(P2>l/3 

XLI 

N3B2WA3 

XLII 

N3B2WA3  ^P2^c 

XLI  1 1 

n3b2wa3f 

XLIV 

N3B2WA4 

XLV 

N3B2WA4(P2)c 

XLVI 

n3b2wa4f 

XLVII 

12" 


PRESSURE  DATA 
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CU 

N 
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X 
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cu 
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J 
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PRESSURE  DATA 
GROUP  NUMBERS 
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B 
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00 
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00 
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rH 
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PRESSURE  DISTRIBUTION  DATA 
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PRESSURE  DATA 
GROUP  NUMBERS 


PRESSURE  DISTRIBUTION  DATA 
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APPENDIX  A 

FLOW-FIELD  CALIBRATION  DATA 

The  flow-field  calibration  data  obtained  during  the  B4A,  L5A, 

T9 A,  and  V6A  tunnel  entries  are  presented  in  this  appendix  for 
completeness.  AEDC  was  unable  to  provide  a  magnetic  tape  of  the 
M9A  data.  The  following  sections  will  summarize  the  tests, 
describe  the  use  of  the  data  retrieval  program,  and  describe  the 
tabulated  output. 

A. 1  SUMMARY  OF  TESTS 

The  following  table  lists  by  tunnel  entry  the  Mach  numbers 
at  which  flow-field  calibration  data  were  obtained  and  the  group 
numbers  containing  the  data.  The  data  in  each  group  were  obtained 
by  making  a  pitch  angle,  <x,  sweep  at  constant  yaw  angle,  or  by 
making  a  sweep  at  constant  a.  The  positive  senses  of  these  angles 
are  shown  in  Figure  A-l.  The  Xp,  Yp,  Zp  coordinate  system  is 
shown  in  Figure  18. 


CALIBRATION  DATA 


Entry 

Mach  No. 

Group  Numbers 

B4A 

1.5 

103-124 

1.75 

81-102 

2.0 

59-80 

2.5 

1-22 

L5A 

1.5 

1-5 

2.0 

49-53 

T9A 

1.5 

4-9,23,24,46,47,62, 

63,135,136 

2.0 

74-76,81,82,99-102, 

119,120,127,128 

V6A 

1.5 

2,3,27,28,50,51,98 

114-116,136-139 

195-198,219-221,242 

270-273 


2.0 


A.  2  PLOW-FIELD  CALIBRATION  DATA  RETRIEVAL 

All  of  the  flow-field  calibration  data  listed  in  the  preceding 
table  have  been  collected  and  stored  on  a  magnetic  tape.  The 
data  from  all  four  entries  have  been  written  on  the  tape  in  a 
standardized  format  so  a  single  computer  program  could  be  written 
for  data  retrieval.  The  reference  pressure  which  is  output  on 
the  third  line  of  each  page  was  not  recorded  on  the  first  two 
entries  (B4A  and  L5A)  so  its  value  has  been  arbitrarily  set  to 
zero  for  those  entries. 

A. 2.1  Use  of  the  Computer  Program 

A  listing  of  the  computer  program  used  to  retrieve  the  flow- 
field  calibration  data  is  presented  at  the  end  of  this  appendix. 

The  input  to  the  program  consists  of  two  cards  both  read  under 
1615  format.  The  first  card  contains  the  number  of  groups  of 
data  to  be  retrieved.  Enter  this  number  in  the  first  field  of 
5  characters.  The  number  of  groups  of  data  to  be  retrieved  is 
limited  to  less  than  17  solely  because  of  the  dimensioning  of 
F  in  the  retrieval  program.  The  second  value  on  the  first  card 
is  an  integer  designating  which  entry  the  data  is  to  be  retrieved 
for  (1  *  B4A,  2  *  L5A,  4  *  T9A,  5  *  V6A) .  The  second  card  contains 
the  group  numbers  of  the  data  to  be  retrieved.  This  information  is 
obtained  from  the  table  in  Section  A.l. 

The  tape  upon  which  the  data  is  written  is  a  multi-file  tape. 
The  first  file  contains  data  from  B4A.  The  second  file  contains 
data  from  L5A.  The  third  file  contains  data  from  T9A ,  and  the 
fourth  file  has  the  data  from  V6A .  In  order  to  get  the  proper 
data  the  tape  must  be  positioned  at  the  beginning  of  the  file 
that  contains  the  data  for  the  entry  of  interest;  e.g.,  to 
retrieve  data  for  V6A  the  first  three  files  must  be  skipped 
and  the  tape  positioned  at  the  beginning  of  the  fourth  file. 
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A. 2. 2  Description  of  the  Tabulated  Output 


Each  group  of  data  is  presented  on  four  pages  of  output. 

Sample  output  is  presented  at  the  end  of  this  appendix  following 
the  program  listing.  The  first  four  lines  of  output  for  each 
group  are  repeated  on  all  four  pages.  The  first  line  tells  the 
type  of  data,  the  entry  number,  the  time  period  of  the  entry,  and 
the  AEDC  document  that  pertains  to  the  data  being  retrieved.  The 
second  line  gives  the  group  number  and  page  number.  The  third 
line  shows  the  tunnel  operating  conditions.  The  fourth  line  shows 
the  location  of  the  probe  in  the  tunnel. 

The  first  three  pages  of  output  present  data  for  each  of  the 
three  probes  with  page  3  also  containing  some  summary  information. 
The  primary  summary  information  is  tabulated  on  page  4.  The 
nomenclature  used  in  the  tabulated  output  is  presented  in  the 
following  table.  The  methods  used  in  calculating  these  quantities 
are  given  in  Section  B.l  of  Appendix  B. 


ALPHA 


Mechanical  angle  of  attack  of  the  probe 
rake  (Fig.  A-l) ,  deg 


ALPn  n=i ,2,3 


ALPTn  n=l ,2,3 


Corrected  Mechanical  angle  of  attack  of 
the  nth  probe,  ALPHA- (TANG)  pitch,  deg 

A.L 

Total  angle  of  attack  of  the  n  probe 
computed  using  ALP  or  YAW,  deg 


DPl3/PBn  n=l ,2,3 


DP24/PBn  n*l,2,3 


Pressure  differential  in  pitch  plane 
(Fig.  A-l)  of  the  n  probe  normalized 
by  average  cone  surface  pressure 

Pressure  differential  in  yaw  plane 
(Fig.  A-l)  of  the  nth  probe  normalized 
by  average  cone  surface  pressure 

Square  root  of  [ (DP13/PB) 2  +  (DP24/PB2) ) 


DPSQn  n-1,2,3 


DVh/V8  n»l,2,3  Normalized  incremental  change  in  local 

velocity  of  the  nfc^  probe  relative  to 
free-stream  velocity 

DV/V8  (AVG)  Average  value  of  DVn/V8  over  the  angle  of 

attack  (yaw)  range  of  each  probe 

DX  Distance  from  tunnel  station  zero  of  probe 

1  tip,  positive  upstream  along  tunnel 
centerline,  in. 


DY 


DZ 


ETA/PBDn  n*l ,2,3 


GROUP 


Distance  right  of  tunnel  centerline  of 
probe  1  tip,  looking  upstream,  in. 

Distance  down  from  tunnel  centerline  of 
probe  tip  1,  (DX,  DY,  and  DZ  form  right 
hand  coordinate  system),  in. 

Slope  of  DPSQ  per  degree  in  total  angle 
of  attack,  deg”1 

Data  group  number 


MACH 


Free-stream  Mach  number 


MLn  n*l,2,3 


Local  Mach  number  based  on  PBn  and  cone 
pitot  pressure  of  the  nth  probe 


ML  (AVG) 


Average  local  Mach  number  over  the  angle 
'  of  attack  (yaw)  range  of  each  probe 


Pnm/P8  n*l , 2, 3?m»l-5  Cone  probe  pressure  normalized  by  free- 

stream  static  pressure  (n  *  probe  number, 
m  *  tap  number) 
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PBn/P8  n-1,2,3 


PB  (AVG) /P8 


PHIDn  n-1,2,3 


PHITn  n*l ,2,3 


PO,  PS I A 
PREF,  PS I A 


PROBE  NO. 


Average  cone  surface  pressure  of  the  nth 
probe  normalized  by  free-stream  static 
pressure 

Average  cone  surface  pressure  of  the  nt^> 
probe  normalized  by  free-stream  static 
pressure,  averaged  over  the  angle  of  attack 
(yaw)  range  of  each  probe 

Roll  angle  of  the  nth  probe  as  sensed  by 
the  differential  pressures  in  the  pitch 
and  yaw  plane  (i.e.,  on  DP13/PBn  and 
DP24/PBn) ,  deg 

Roll  angle  of  the  nth  probe  based  on  ALPn 
and  YAWh,  deg 

Stagnation  pressure,  psia 

Reference  pressure  for  probe  pressures, 
psia 

Probe  identification  number;  probe  one  is 
nearest  the  parent  model  (see  Figure  17) 


P8,  PSIA 


Free-stream  static  pressure,  psia 


Q8,  PSIA 


Free-stream  dynamic  pressure,  psia 


RE/FT*10**6  Free-stream  Reynolds  number  x  10 

per  ft,  ft-1 

TANGm  m*l,2,3  Angle  of  pitch  and/or  yaw  which  produces 

a  zero  pressure  differential  (DP13  or 
DP24)  for  each  probe,  deg 
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TO,  DEG 
T8,  DEG  (R) 

V8 ,  PT/SEC 
YAW 

YAWn  n=l ,2,3 


Free- stream  stagnation  temperature,  °R 

Pree-stream  static  temperature,  °R 

Free-stream  velocity,  ft/sec 

Mechanical  yaw  angle  of  the  probe  rake 
(fig.  A-l) ,  deg 

Corrected  mechanical  yaw  angle  of  the 
probe,  YAW- (TANG)  yaw,  deg 
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PROGRAM  LISTING 
& 

SAMPLE  OUTPUT 
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APPENDIX  B 


■  ■  w  '!.  j*  ■  <  'in??  ipq) 


DATA  REDUCTION  EQUATIONS 


This  appendix  presents  the  equations  used  in  the  data  reduc¬ 
tion  for  the  flow-field  tests  and  store  pressure-distribution 
tests.  They  are  included  in  this  report  for  completeness  and 
have  been  taken  almost  word  for  word  from  the  AEDC  reports, 
References  1  through  5. 

B.l  PROBE  CALIBRATION 


1.  Pressure  Differentials  and  Associated  Flow  Angles 
a.  Pitch  Angle 


t 

+ZT (down) 
Tunnel  axis 


Subscript  n  refers  to  probe  number  (n  =  1,2,3) 

a  *  probe  angle  of  attack  (ALPHA) ,  positive  as  shown,  deg 

DP13  *  P^  -  P3,  as  shown  a  positive  a  produces  a  positive 
pressure  differential,  psia 

*  cone  static  pressure  taps  1  and  3,  respectively,  psia 
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ip  =  probe  yaw  angle  (YAW)  ,  positive  as  shown,  deg 

24  -  P2  -  P4»  as  shown,  a  positive  angle  of  yaw  produces  a 
negative  pressure  differential,  psia 

P4  =  cone  static  pressure  of  taps  2  and  4,  respectively,  psia 

Equivalent  Cone  Static  Pressure  at  Zero  Angle  of  Attack 

Br  *  equivalent  cone  surface  static  pressure  on  the  nth  probe, 
psia 

B  =  (P  .  +  P  ~  +  P  .  +  p  .)/4  where  P„„,  is  the  cone  surface 
n  nl  n2  n3  n4  nin 

static  pressure  of  the  nth  probe  and  mth  pressure  tap  on 
that  cone.  In  this  test,  three  probes  were  used  (i.e., 
n  =  1,  2,  and  3)  and  each  probe  had  five  pressure  taps 
(i.e.,  m  =  1,  2,  3,  4,  and  5).  The  fifth  pressure  tap 
(Pns)  on  each  probe  was  a  pitot  pressure  tap. 

Local  Stream  Mach  Number  (Calibration  curves  extend  from 

«  0.6  *  3.0;  outside  these  ranges  data  are  deleted  and 

replaced  by  "***"  values.) 


ML 

n 


or  MLn 


{1  +  [A0  +  Ax  (PBn/PTn)  +  A2(PBn/PTn)2  +  A3 (PBn/PTn) 3 

+  A4(PBn/PTn)4  +  A5(PBn/PTn)5J  **}  . PBn/Pn5  <  0.615 

0.3841  ( PBn/PTn ) "  2  * 4  4 . PBn/Pn  5  >  0 . 6 1 5 


where  PTn  is  the  probe  pitot  pressure  (Pn5) •  For  M9A,  T9A,  and 
V6A  it  is  interpolated  or  extrapolated  to  the  same  axial  location 
as  the  probe  cone  static  taps.  This  is  a  curve  fit  of  the  probe 
data  and  the  coefficients  AQ  through  A5  for  the  three  probes  used 
in  the  data  reduction  were  as  follows: 


Coefficients 

Probe  No.  1  Probe  Nos.  2  &  3 


3.35933 

-47.9986 

293.596 

-835.398 

1142.53 

-600.20 


2.57318 

-37.6524 

241.392 

-709.356 

997.148 

-536.021 


MLn  =  MLn  (initial  value)/ (1  -  AM) 

1  70 

AM  «  m  •  | a |  *  where  a  is  defined  as 


or 


PROBE 

CALIBRATION 


ALPTn 


from 


(9) 


FLOW  FIELD 
SURVEY 


ALT  from 


(6) 


m  «  -1.5118  x  10"4  +  2.0946  *  lO-5  (MLn) 3 ' 5 


197 


ML  is  iterated  until  I ML  -  ML  I  <  0.005 
n  ni  ni-l  “ 

If:  <PBn/Pn5)  >0.615 

Then:  MLn  -  0.3841  (PBn/PTn) "2‘44 

No  iteration  of  this  expression  is  required. 

4.  Local  Normalized  Resultant  Velocity  Ratio 

V^/V^,  *  Ratio  of  resultant  local  stream  velocity  normalized 
by  the  free-stream  velocity 

W7-  -  '^77^ 

Tin/T-  *  (1  +  °'2  M-)/U  +  °'2  «L» 

5.  Incremental  Difference  Between  the  Local  Stream  and  Free- 
Stream  Velocities 

DVn/V8  =  1  -  (V^/VJ  or  <V„  -  V£n)/Vw 

6.  Parameter  Relating  Cone  Surface  Pressure  Differential  to  Flow 
Angle 

(ETA/PB)  Pitch  =  1/2  •  d  (DP13/PBn)  da  for  ij>  constant 
(ETA/PB)  Yaw  =  -1/2  •  d  (DP24/PBn)  d\j>  for  a  constant 

This  slope  was  defined  by  means  of  a  linear  least  squares  fit 
through  the  data  over  a  ±10°  range.  Also  the  intercept  of  this 
curve  with  the  pitch  or  yaw  ordinate  at  zero  DP13/PBn  or 
DP24/PBn  were  defined  and  denoted  as  (TANG)  pitch  or  (TANG)  yaw. 
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DPia/PBnj 

DP24/PBm 


DPl3/PBro  «  f (a) 
DP24/PBm  -  f{tj») 


Typical  data 
and  fairing 

►  a  or  t 


TANG 


Definition  of  TANG 


Note  a  positive  DP24/PB  produces  a  negative  flow  angle. 


ETA/PB  *  cone  parameter  based  on  the  slope 


( 1/2 )d(DP13/PBn)/d (ALPHA)  deg 


(1/2) d (DP24/PBn)/d (YAW)  deg 
(ETA/PB) pitch  or  yaw  =  EQ  +  E^^3  +  E2M£n/3'  when 


or  if 


PVt’n5  <  °'615 
PVPn5  i  °'615 


(ETA/PB) pitch  or  yaw  =  .  0.7  K^n  (1  +  0.2 

n 
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ALT,*«t  *  total  angle  of  attack,  deg 

aT  *  + [1/2 (DPSQn) / (ETA/PB)  -  AC0RR1  -  ACORR2] 

ACORRl  *  correction  for  nonlinear  variation  of  DPSQn  with 
angle  of  attack,  deg 


ACORRl  =  C | DPSQn | 2  * 5 

C  =  (0. 5) 2 ' 5  •  318.5  •  (DPSQn)/|DPSQn| 

ACORR2  =  correction  for  variations  due  to  the  effective  roll 
angle  of  the  probe,  deg 

ACORR2  =  PQ  +  P1  COS  +  P2*COS  2  +  P3  (cos  (J’t)  3 
+  P 4  (cos  <JiT)4  +  P 5  (cos  4>t)  5 


PQ  «  0.0640565 
Px  =  -0.2562000 
P2  =  -0.1979040 
P3  =  -0.9707050 
P4  *  0.2111070 
P5  =  1.45475 


The  parameters  ACORRl  and  AC0RR2  are  based  on  empirical  curve 
fits  of  the  cone  flow  calibration  data  as  a  function  of  total 
angle  of  attack  and  roll  of  the  cone  probe  for  Mach  numbers  > 
1.257.  For  the  calibration  below  =  1.257  these  corrections 
are  identically  zero. 


7.  Average  Values 

Values  such  as  PB(AVG)/P8,  ML(AVG),  and  DV/V8(AVG)  represent 
the  average  value  over  the  angle  of  attack  (yaw)  range  of  the 
data  group. 


* 

ALT  has  been  tabulated  to  ±25°  although  actual  calibration  was 
±16°;  values  over  ±25°  have  been  replaced  by  uncertainty 

in  ALT  between  16°  25°  is  undefined. 
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8.  Corrected  Angles  of  Pitch  and  Yaw 

ALPn*  =  corrected  angle  of  pitch  for  the  nth  probe,  deg 

ALPn  =  ALPHA  -  TANG (n) pitch  where  TANG (n) pitch  is  the  probe 
correction  based  on  pitching  the  probe  at  zero  yaw. 

YAW  -  TANG (n) yaw  where  TANG (n) yaw  is  the  probe  cor¬ 
rection  based  on  yawing  the  probe  at  zero  angle  of 
pitch. 

corrected  angle  of  yaw  for  the  nfc^  probe,  deg 


PROBE  MISALIGNMENT  FACTOR  (TANG) + 


Probe 

(TANG) pitch,  deg 

(TANG) yaw. 

1 

+  0.24 

-0.48 

2 

+0.32 

-0.35 

3 

+0.24 

+0.07 

Total 

Angle  of 

Attack,  deg 

ALPT* 

n 

=  Tan-1 

l/l  Tan  (ALP  )  1  2  +  1  Tan  (Yaw  ) 
n  1  1  n 

F 

ALPT* 

n 

ALP_ 

n 

•  ALPT 

lALPnl 

n 

10.  Roll  angle  of  Probe 

a.  Roll  angle  based  on  probe  pitch  and  yaw  angle,  i.e., 
on  ALPR  and  YAW n,  deg 


YAWn  * 


YAWn  = 


7 


See  note  about  ALT  which  applies  to  these  calculated  angles 

+Subject  to  change  from  one  test  installation  to  another  test 
installation 


PHITn  =  Tan-1  [Tan (YAWn) /Tan (ALPn) ] 

+  90°  [1  -  Tan (ALP_ ) / 1  Tan (ALP„ ) I ] 

n  •  n  1 

b.  Roll  angle  based  on  the  probe  differential  pressure 
values,  namely  on  DP13/PB  and  DP24/PB,  deg 

PHIDn  *  Tan-1  [ (-DP24/PBn) / (DP13/PBn) ] 

+  90° [l-(DP13/PBn)/jDPl3/PBni ] 

11.  Resultant  Pressure  Differential 

AT.PT 

DPSQn  =  (|DP13/PBn|2  +  |DP24/PBn|2)  *  ialpFT 

Ini 

for  probe  calibrations. 

DPSQn  =  |DPSQn(  for  flow-field  surveys 

12.  Parameter  Relating  Resultant  Cone  Surface  Pressure  Differential 
to  Total  Flow  Angle,  deg-1 

ETA/PBD  =  d(DPSQn)/d(ALPTn) 

At  least  four  points  between  ±10°  in  total  angle  of  attack  are 
required  before  the  slope  will  be  defined.  Again  a  linear 
least  squares  fit  was  used  to  define  this  slope. 

B.2  FLOW-FIELD  SURVEY 

13.  Pressure  Differentials  and  Associated  Flow  Angles  (as  defined 

* 

in  the  tabulated  data) . 
it - 

All  angles  calculated  outside  calibrated  range  (16  +  250  and  -16  -*• 
-25°)  are  only  estimates  with  undefined  uncertainty;  appears 
for  angle  calculations  greater  than  ±25°. 
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jji  «■■■»!  i. 


a.  Pitch  Angles 


Viewed  from  operating  side  of 
tunnel 


Tunne 1 
axis 


ALPn  «  +  [1/2 (DP13/PBn)/{ETA/PB) pitch  -  BCORRl  -  ACORR2 
x  COS(PHITn)]  +  TANG (n) pitch  -  DALPHA 

BCORRl  =  C | DP13/PB  |2*5  -  This  correction  accounts  for  the 

n 

nonlinearity  in  the  variation  of  the  cone  static 
pressure  differential  with  flow  angularity  for  angles 
greater  than  6°  to  10°. 

C  =  (0. 5) 2 ' 5  •  318.5  M^5  *  (DP13/PBn)/|DPl3/PBn | 

TANG (n) pitch  =  Angle  correction  associated  with  misalignment 
in  pitch  of  the  cone  nose  relative  to  the 
cylindrical  section  of  the  probe  support 
system,  deg. 

DALPHA  =  a’  -  a 

P 

<J>T  =  Tan"1  (-DP24/PBn/(DP13/PBn)  3 

+  90° [1  -  (DP13/PBn)/|DPl3/PBn | ] 


(Note:  <j>T  =  PHIT) 
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ALPL*  -  Flow  angle  based  on  total  angle  of  attack  and  roll 
angle,  deg 

ALPL*  =  TAN"1  [Tan  (aT)  •  cos(<f>T)]  +  [TANG  (n)  pitch  -  DALPHA] 


b.  Yaw  Angle  (angle  of  sidewash) ,  deg 


SIG*  =  [l/2(-DP24/PBn)/(ETA/PB)yaw  -  CC0RR1 
-  AC0RR2  •  SIN(PHITn)]  +  TANG (n) yaw 

CC0RR1  =  C|DP24/PBn|2,5 

and 

C  *  (0.5) 2,5  •  318.5  M^5  *  (DP24/PBn)/|DP24/PBn 

TANG (n) yaw  =  Angle  correction  associated  with  misalignment  in 
yaw  of  the  cone  nose  relative  to  the  cylindrical 
section  of  the  probe  support  system,  deg 


See  note  about  ALT  which  applies  to  these  calculated  and  tabulated 
flow  angles. 


SIGL*  =  TAN-1  [Tan{aT)  Sin($T)]  +  TANG (n) yaw 

14.  Local  Stream  Velocity  Ratios  (See  figure  21  for  positive 
directions  of  velocities.) 

ALTn  =  Tan"1  [  |Tan(ALPLn)  I2  +  |  Tan  (SIGLn)  |  2]  ** 

PHIn  =  Tan"1  [Tan (SIGLn) /Tan (ALPLn) ) 

+  90° [1  -  Tan(ALPLn)/|Tan(ALPLn) |] 

a.  Axial  Velocity  Component 

U  /V8  =  (VP/VJ  cos  (ALT  ) 
n  tn  oo  n 

b.  Vertical  Velocity  Component 

Wn/V8  =  (V£n/Vw)  sin  (ALTn)  cos  (PHIn) 

c.  Lateral  Velocity  or  Outwash  Velocity  Component 
Vn/V8  =  (V^/VJ  sin  (ALTn)  sin  (PHIn) 

15.  Local  to  Free-Stream  Dynamic  Pressure  Ratio 

QLn/Q8  =  (1.4/2)  P^n/q„  q.  =  0.7  P^M2 

‘  PT„  '  (lS/(6M|n)l3-5  H7H|n  -  D/612-5 

The  flow-through  inlet  data  reduction  equations  are  shown  for 
the  right  inlet.  Those  for  the  left  inlet  are  similar.  Inlet 
pressure  tap  locations  are  described  in  section  3.3. 

See  note  about  ALT  which  applies  to  these  calculated  and  tabulated 
flow  angles. 


205 


(P/PT)R  -  Ratio  of  right  inlet  average 
pressures. 

fP/PTU*  =  (PR3  +  PR4  +  PR5)  .  2 
'  '  '  (PTR1  +  PTR2)  3 


static  to  average  total 


(V/VJ  R 


-  Average  inlet  velocity  ratio,  assuming  the  inlet 
total  temperature  is  equal  to  the  tunnel  TQ. 


(V/V  ) R  = 


1.0  -  (A) 


0.28571 


1.0  -  (1.0  +  0.2  M^)-1 

.  00  • 


if  (P/PT) R  >  0.5283  :  A  =  (P/PT)R 


if  (P/PT) R  <  0.5283: 


=  (P/PT) R 


Mj  +  5 


7MI  "  1 


where  M^.  is  the  average  inlet  Mach  number  obtained  from  an 
iteration  of  the  following: 


(PT/P) R  = 


7m;  -  1 
I  i 


B. 3  OGIVE-CYLINDER  STORE  PRESSURE  INTEGRATIONS 

The  numerical  scheme  employed  to  evaluate  the  local  loading 
coefficients  on  the  store  from  the  model  surface  pressure  data  is 
summarized  below  so  that  the  local  and  resultant  loading  coefficients 
are  clearly  defined.  At  each  point  in  the  test  grid,  consisting  of 
a  fixed  angle-of-attack  and  position  in  the  flow  field,  the  store 
was  rolled  360°  in  10°  increments  while  surface  pressure  data  along 
one  ray  of  the  store  were  recorded.  These  pressure  data  were 
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integrated  as  a  function  of  roll  angle  to  define  the  local  force 
and  moment  coefficients  per  unit  length  (per  inch) . 

The  local  normal-force  coefficient  and  the  local  pitching- 
moment  coefficient  attributed  to  the  normal-force  loading  per  inch 
at  model  station  x„  are 


IT 

LCNn  =  -K  j  (P/Poo)n  rn  cos<f>  d4> 

—  TT 


and 

LCMn  =  -LCNn(xn  -  3.188)/(2rB) 

where 

K  =  2/(YttM  2r2) 
rfi  *  body  radius  at  base 

rn  =  local  body  radius 

Similarly,  the  local  side-force  and  yawing-moment  coefficients  per 
inch  were  defined  as  follows: 


TT 

LCYn  =  _K  {  (p/pJnrn  sin*  d* 

—  TT 

and 


LCLNn  =  -LCYn(xn  -  3.188)/(2rB) 

The  local  axial-force  coefficient  per  unit  length  of  the  store 
(i.e.,  per  inch)  was  defined  as  follows: 

TT 

LCAn  .  K  |  (P/P.  -  l)n(rnTan8n)d» 

-TT 
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lililJWpiJJPJIJB 


where 

6n  *  local  slope  of  the  body  contour 


The  resultant  aerodynamic  coefficients  were  evaluated  as 
follows: 


L 

CN  =  I  LCN  dx 
J  n  n 

0 

L  1.5 

CM  =  f  LCM  dx  -  f  r  Tan  6  LCN  dx„ 

J  n  n  2rn  j  n  n  n  n 

0  0 


The  second  integral  term  used  in  evaluating  the  pitching- 
moment  coefficient  corresponds  to  the  moment  produced  by  the  axial- 
force  component  of  the  surface  loading  on  the  store. 


CLN 


CY 


L 

LCY  dx 
n  n 

0 


L  1.5 

I  LCLNdx  -  ~  I  r  Tan  6„  LCY  dx„ 
J  n  n  2r_  I  n  n  n  n 

0  a  0 


The  resultant  pressure  drag  coefficient  of  the  store  was 
evaluated  using  both  of  the  follov/ing  techniques 


1.5 

CAl  =  I  LCA  dx 
J  n  n 

0 


CA2 


r  “  LCA 

J  T^?drn 

0 


The  numerical  procedure  for  evaluating  these  integrals  con¬ 
sisted  of  curve  fitting  three  consecutive  points  in  the  distribution 
with  a  quadratic  expression  and  then  integrating  this  expression  to 
define  the  magnitude  of  the  integrand  between  two  of  the  three  con¬ 
secutive  points  in  the  distribution.  These  integrands  were  then 
summed  to  ultimately  define  a  particular  coefficient. 
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B. 4  ELLIPTIC  STORE  PRESSURE  INTEGRATIONS 


B.4.1  Pressure  Distribution  Measurements 

The  pressure-distribution  data  are  presented  in  absolute  form 
and  ratioed  to  the  free-stream  static  pressure.  During  this  phase 
of  the  test  a  discrepancy  was  observed  between  the  known  pressure 
applied  to  the  Scanivalve  and  the  measured  value.  Repeatability 
checks  indicated  that  the  pressure  measurements  could  be  made  con¬ 
sistent  by  shifting  all  the  pressure  measurements  by  the  difference 
in  the  known  and  measured  values.  This  data  reduction  scheme  was 
applied  to  all  the  data.  In  addition,  if  a  measured  pressure  was 
found  to  be  incorrect  because  of  a  leak  or  restriction  in  the  pres¬ 
sure  tube  or  noise  in  the  transducer  signal,  the  value  of  this 
pressure  was  set  to  zero. 

B.4.2  Pressure  Distribution  Integrations 

The  numerical  scheme  employed  to  evaluate  the  local  loading 
coefficients  on  the  store  from  the  model  surface  pressure  data  is 
summarized  as  follows.  At  a  specific  position  or  attitude  in  the 
free  stream  or  interference  flow  field,  four  groups  of  pressure 
distribution  data  were  combined  to  describe  the  surface  pressure 
loadings  on  the  store  at  eight  (8)  circumferential  positions  at 
each  of  14  axial  stations.  For  example,  when  SEPl  was  at  0°  roll 
an  axial  ray  of  pressure  data  is  obtained  at  the  two  circumferential 
positions  of  0°  and  270°  while  at  180°  roll,  data  at  the  two  posi¬ 
tions  of  90°  and  180°  are  obtained.  When  SEP2  is  at  the  same 
position  and  attitude  in  the  free-stream  or  interference  flow  field 
as  the  two  groups  of  SEPl  data  and  at  0°  roll,  positions  of  55°  and 
305°  are  obtained  while  at  180°  roll,  the  125°  and  235°  positions 
are  obtained.  If  there  were  pressures  set  to  zero  for  some  reason, 
values  for  these  pressures  were  obtained  from  a  straight  line  inter¬ 
polation  or  extrapolation  in  the  x-direction  using  the  two  good 
pressures  nearest  to  them. 
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To  find  the  local  force  coefficient  at  each  axial  station, 
the  following  equations  were  useds^ 


dCN 

2 

dFZ 

dx 

dx 

dCy 

2 

dx 

YM^Sp. 

dx 

“a  . 

2 

dF 

X 

dx 

YM^SPoo 

dx 

Local  normal-force  coefficient,  in. 


-1 


Local  side-force  coefficient,  in.  ^ 


Local  axial-force  coefficient,  in.  1 


where 


Y  =  ratio  of  specific  heats  for  air  (1.4) 


dF 

x 

dx 

dx 

^z 

dx 


=  force  per  in.  in  x-direction,  lbf/in. 
=  force  per  in.  in  y-direction,  lbf/in. 
=  force  per  in.  in  z-direction,  lbf/in. 


At  each  axial  station,  the  force  per  inch  equations  can  be  written 
as 


dF  N 

TGT  *  '  I  fn  s«  cos  ®n 

n-J. 


dF  N 

-3T  "  "  l  Pn  Sn  sin  0 


dx 

dF 


n=l 


N 


n 


-d  -  -  Ji  (Pn  -  Pj  sn  tan  5n 
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where 


N  =  Number  of  divisions  the  circumferential  pressure  distribu 
tion  is  divided  into  (N  =  36:  A<{>  =  10°) 

Pn  *  Value  of  the  pressure  at  the  center  of  the  circumferental 
division 

Sn  =  Length  of  the  line  representing  the  circumferential 
division 

0n  =  Angle  between  the  normal  to  Sn  and  the  positive  Z  axis 

Sn  =  Body  contour  slope  at  the  center  of  the  circumferential 
division 

4>m  =  Angle  at  the  center  of  the  circumferential  division  = 

(n  -  1/2)  A$ 


Looking  upstream  at  any  cross-section 


Simplifying  the  coefficient  equations  yields  the  following: 


dC 


N 
dx 


-2  5  P 


- 5—  I  7T  Sr>  COS  6n 

YM?S  nil  p.  n 


dC 


Y 
dx 


-5  N  Pn 

— 2 —  I  r—  S  sin  6 
YM„S  n=l  P“  n 


n 


dC\ 

_ £ 

dx 


9  N 

-4-  I  , 

YM^S  n=l  { 


*  00 


S  tan  6 
n  n 


comes  from  evaluating  p/p^  at  4>m,  which  is  determined  from 
a  straight  line  interpolation  between  the  two  measured  values  on 
either  slue  of  it.  For  example,  p/p^  at  <j>m  =  60°  is  derived  using 
p/pm  at  55°  and  p/p  at  90°. 

The  equations  for  evaluating  Sn,  6n,  and  6n  are  given  below: 


Sn  = 


n+1 


-  y  )  ^  + 
Jn 


(z 


n+1 


-  zn) 


0 


n 


tan 


-1 


zn  ~  zn+l 

yn+i  -  yn 


6 


n 


tan 


-1 


cos  (♦„  -  0n) 


L  "V4  cos2  *  +  sin2  d> 

m  Tm 


da 

dx 


where 

*n  85  rn  8in  ♦n 
zn  -  rn  cos  *n 

♦n  -  (n-l)A<fr 
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